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ADDITIONS  ATP  tvKih*,TIC-hS 


TO  Ti£  RETORT 

IN  INVESTIGATION  of  the  load-deformation 
CHARACTERISTICS  OF  REINFORCED  CONCRETE 
SEAMS  UP  TO  THE  POINT  OF  FAILURE 


The  folio  /lag  addltione  and  corrections  are  to  be  made  to  the 
An  Investigation  of  the  Load-Deformation  Characteristics  of  Be- 
^&*rqd  Concrete  fy>aas  Up  to  the  Point  of  Failure,  ty  J.  a.  Gaston,  C*  P. 

and  N.  M.  Benoerk,  which  was  issued  to  the  Office  of  Naval  Research 
■ vder  Contract  M6ori-O71(34) » Task  Order  34,  Project  NR-064-372  in  December 
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■A-AK  I ■STCBATTOM 


.'he  al  ;jni;icance  of  the  lvtt  -.r  and  numtrsi  symbols  used  to  desig- 
c&r>  he  various  be *n  specinwna  was  ict  given  in  the  original  report. 

Ti  e lsttci-s  and  numerals  serve  to  identify  the  various  beams  in 


following  manner t 

„bc  *n-  re^ ^ force  in  tenelon  oPaZ * 

The  letter  T indicates  that  the  beam  was  reinforced  in  tension 


11  It  in  the  region  rf  pure  flexure. 

The  ivaaor.fl  following  the  letter  T ia  the  value  of  the  reinforcing 
Pfv 

•Ji:  q = —*■  in  tintha,  rounded  to  the  nearest  tenth, 
c 

The  letter  L,  M,  or  H appearing  next  designates  the  concrete 
1 ■- 1 :5th;  that  is  low,  medium,  or  high,  whore  lo '*  is  from  2000  psi  to 
v,;  psi,  medium  is  from  300X3  pel  to  4000  psi  and  high  is  from  4000  psi  to 


2 


The  lower  case  letter  av  b,  or  c following  the  concrete  strength 
designation  identifies  the  individual  beams  when  two  or  more  similar  spec- 
imens were  tested. 

For  beams  reinforced  in  compression  as  well  as  tension: 

The  letter  C indicates  that  the  beam  was  reinforced  in  compression 
as  well  as  tension  in  the  region  of  pure  flexure. 

pfz 

The  numeral  following  the  j-atter  C is  the  value  of  q = in 

c 

tenths,  as  before . 

The  letter  v,  x,  7,  or  z appearing  next  indicate  s the  spacing  of 
the  ties  in  the  region  of  pure  flexure.  The  letter  w refccs  i,  expression 
reinforcement  without  ties;  x indicates  that  the  tie  spacing  was  c 1+  speci- 
fied b7  AC  I 318-51;  y indicates  that  the  tie  spacing  was  one-half  tHt  speci- 
fied by  ACI  318-51;  and  z indicates  that  the  tie  spacing  was  one-fourth  that 
specified  by  ACI  318-51. 

The  letters  n or  m indicate  the  type  of  tie  used,  as  shown  in  Fig. 

4 of  the  report. 

The  lower  case  letter  a or  h,  where  it  appears,  indicates  that  two 
similar  specimens  were  tested. 

Examples; 

Beam  TILa  is  reinforced  in  tension  only,  has  a value  of  the  rein- 
forcing index  q equal  to  0.1,  a concrete  strength  between  2000  and  3000  pel, 
and  is  one  of  two  cr  more  similar  beams. 

Beam  C3yna  is  reinforced  in  compression  as  well  as  tension,  has  a 
value  of  q equal  to  0.3,  has  a tie  spacing  in  the  region  of  pure  flexure 
one- half  that  specified  by  ACI  318-51,  has  type  n ties,  and  is  one  of  two 
cr  mere  similar  beams. 


ADDITION  TO  TA3LE  KC.  2 


SUMMARY  OF  RESULTS 

FOR  BSAi-S  REINFORCED  IK  TENSION  AND  COMPRESSION 


Beam  kn  + 


C2v 

u.897 

C2br: 

0.878 

C3w 

0.857 

C3xm 

0.857 

C3yna 

0.866 

C3yac 

0.850 

G4xn* 

0.884 

C4mb 

0 856 

C4*n 

O.Y.57 

C5yn 

0.833 

Coaa 

0.833 

C7. 

0.833 

tance  between  the  cerj^oid.*  -x  •.  . tene'or-  arid  comjvesalon  rein- 

• ^Lere  d = diut^nc^  from  fche  ox'  xhe  beam  to  the  centroid  of 
v *einYoroeaont . 
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CCRRKCTIOS  "O  TABLE  Pa 


cci-s-ari'sci;  cf  expsrikelt  akp  theoretical  values 


OF  IIKM-POIST  HQKEJT 


Beams  with  Tension  end 
Compression  Reinforcement 


Beam  M - kip-ft 


Exp 

Thao 

Sen 

Theo 

C2w 

32.4 

31.1 

1.04 

CZxm 

38.0 

35.4 

1.07 

C3v 

62.4 

60.4 

1.03 

C3xm 

66.3 

61.5 

1.09 

C3yna 

41.0 

40.1 

1.02 

C3xnb 

62.4 

62.0 

1.01 

C4xna 

40.1 

41.4 

0.97 

C4zsb 

42.8 

42.2 

1.01 

C4zn 

59.3 

60.7 

0.98 

C5yn 

87.8 

89.5 

0.98 

C6m 

84.9 

85.2 

1.00 

C7v 

84. C 

84.7 

0.99 

Average  Ratio 

1.02 

Range  0.Q8-1.09 


c 
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OTHER  CCEREC TICKS  AXP  A35ITICSS 

A value  of  the  modulus  of  elasticity  cf  the  reinforcing 
E,  of  .30  x 10°  psi  vas  used  throughout  the  report. 

Page  32: 

Equation  (31)  should  resdi 


Pf 


f - 
c 


- I S£j(k»_;r_k»-1) 

* k» 
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Equation  (32)  should  read: 


f ' 

s 


k"  ± k'-l 
k» 


nf. 


Third  line  belov  Ba.  (47) 

"For  q'  . • •* 

fifth  line  below  Eq.  (47) 

u • • • , that  is,  f ^f 

■ * 

Second  line  below  Eq.  (48) 


0 . . • and  fg>fy 


TABLE  1.  "SUMMABI  OF  RESULTS  FOR  HBAMS  REINFORCED  IK  TENSION  OKU" 

The  entry  under  the  column  entitled  “Stirrups*  should  read  "Hone’1 
for  beam  TlMa  instead  of  "Clamp-on". 

TABLE  2.  "SUMMARY  OF  RESULTS  FOR  BEAMS  REINFORCE!  IK  TENSION  AMD  COMPRESSION 
The  heading  for  column  9 should  read  " p ,%"»  instead  of  * p . 

tabled,,  mm  of  mnomim.  steel 

Gy 

The  heading  for  column  9 should  read  ‘lllong'tion  in  8 in.,  /g  " 
instead  of  "Elongation  in  6 in.,  %"» 
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Fig.  !/■  SEAM  AND  TESTING  AlYARATl'S 

The  following  note  should  be  added,  nThe  S^-dimeiision  of  all 
bearing  pistes  is  parallel  to  the  axis  of  the  beam11* 
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i - SUMMARY  A5D  CCSCLrJS]Q>£ 


lie  objective  of  these  teats  an!  studies  vaa  to  establish  the 
relationship*  between  l'ozd  icrd  dsforaavion  fnr  reinforced  concrete  nantors 
subjected  to  static  flexnral  loading,  "hba  at-proach  to  tnie  problem  has 
been  mainly  experimental,  guided  bj  theoreticaj  considerations. 

To*  tbsto  were  made  on  33  reinforced  concrete  bean?,  £ in*  by 
12  irc  in  ouom  section,  haring  a apes  length  of  9 ft.,  and  loaded  et  the 
third  point*.  Twea^r-ooe  of  these  beau  were  prorided  vita  tension  rein- 
forcement, vhile  12  were  prorlded  with  both  v*  nalon  end.  compression  rein- 
frroeMnt.  The  mein  mrinble#  in  these  teste  were  the  esmerets  strength, 
the  perenntsges  of  tendon  or  enpression  reinforcement,  and  the  nthed 
«f  tying'  the  enpresdon  reinferenent. 

The  tests  hire  been  described,  sad  the  test  resnlts  here  been 
presented  In  beth  ta baler  rd  graphical  fen.  Comparisons  of  the  test 
reralts  ef  mini  bens  here  been  made  te  shew  the  effects  of  the  rtrlsbles 
intredneed. 

in  snelyr^s  has  been  dereleped  'Amt  predlots  the  lead  defleetlen 
diagrams  far  the  bene  tested*.  Tds  anelyds  cemsiste  of  expreeeing  the 
scaditlns  at  the  sritlcsl  pednts  -rf  t ht  l*dU4efemtien  enrrar* 

In  the  eqmatiMj  expressing  the  oendltlens  at  the  yield  point, 
a transferred  eeetiea  and  a linear  rtarees-ctmin  relationship  far  the 
esnerete  are  manned.  Jlthowgh  theee  assmptlens  are  rather  ends  for 
bens  rear  Wltnoed  design,  the  ©^nations  glre  satisfactory  roswlts. 

The  efnatlema  expressing  the  eoadltlans  at  the  naxtsai  iced- 
marrying  eapedty  iarelre  the  nines  ef  kyl  L?  iud  cA  r.^j  wtarw 


t-  and 


crxc}tf  ©solve  force  in  tho  rone  rote?  is  th-;-  ratio  of  naxisun  cccpnorslvo 
strength  of  concrete  in  a bean  to  the  corresponding  conpreseive  strength 
of  st-ardard  test  cylinders p and  r.y  is  the  idtinat^  strain  in  the  concrete * 
Those  values  vers  dstei-nined  enpirlcally.  In  this  investigation;,  the 
value  of  In/k^ln  has  been  f cur'd  +,0  d«  approclrately  0*5*  = 0*625  + 

too  j m,. 

FTTp*  £u“  0*°°** 
o 

Ccnperisona  between  tho  theoretical  and  experinantal  remits 
have  been  made#  These  are  presented  in  both  tabular  and  graphical  fener* 

The  following  conclusions  can  be  drtvn  trm  the  test,  m ml  tat 

(1)  Concrete  strength  has  little  effect  on  the  energy  absorb- 
ing capacity  of  beans  falling  initially  in  tension  btrt  does 
hare  an  effect  on  the  energy  absorbing  eapaeity  ef  beans 
failing  initially  in  expression* 

(2)  The  ductility  of  e bean  is  dependent  upon  the  reinforcing 
Index  as  can  be  ©con  free  the  test  results.  The  nidspen 
deflection  of  beans  with  r cross  eeotiou  of  6 x 12  in*  $ an 
effectire  depth  of  approximately  10  in#»  and  a span  of  9 ft» 
varied  fren  less  than  1 in#  to  sore  than  6 in-  ■when  carry- 
ing the  maxima  load*  This  is  a variation  in  deflection 

of  from  0.9  to  5*5  percent  of  the  span  length . 

(3)  The  compression  reinforcement  adds  to  the  ductility  of  a 
beam*  The  addition  of  cceipreetion  re1* 'iforcuneut  etrengthens 
the  compression  zone  and  thus  raises  the  oentrel  axis*  This 
enables  a larger  angle  change  to  take  place  before  the 


% 


concrete  crushes  ant  thereby  increases  the  deflection  which 


tale  bean  can  nndergo  and  still  nervy  near  naadansr.  loads'* 
(4)  In  order  fcr  tine  couureasiin  reinfitrceasa-  to  bs  the-  sost 
effective,  it  woat  be  veil  tiedo 


n_  TjiTRCflicriOii 


Is  object 

The  ultimate  ala  of  this  investigation  is  the  development  of 
methous  for  predicting  the  load-deflection  or  ncoent-rotation  charioter- 
isticj  of  reinforced  concrete  members  subjected  to  dynamic  loading",  Sev- 
erer, in  order  te  plan  an  intelligent  Investigation  of  these  character- 
istics, the  load  deflection  or  acmemt-rotatior  characteristics  of  rein- 
forced concrete  members  subjected  to  static  loading  mnst  be  known#  1 
review  of  the  trailable  data  shears  ti»at  vary  little  ie  known  about  the  de- 
formation* required  to  develop  the  maria or  load-carrying  capacity  of  rein- 
forced concrete  member*#  Therefore,  the  ebjact  of  this  phase  of  tho  in- 
vestigation is  to  establish  the  relationship*  between  load  and  daformatlem 
fvr  reinforced  eonorote  m.'mben  subjected  to  statlo  loading"# 

The  reason  for  determining  the  load-deformation  characteristic  a 
of  reinforced  eonerete  members  la  to  ascertain  the  eneriy-abeorbdif  cap- 
acity of  the  member*#  Since  the  greatest  part  of  the  enirgy  absorbed  by  a 
member  Is  absorbed  after  the  member  haa  yielded,  the  lo«d-dofoim«tlon 
characteristics  of  a master  subjected  to  atreaeea  in  the  plaatlo  range  are 
of  particular  Interest# 

In  an  actual  structure  thora  are  mtny  kinds  or  atressea  and 
stress  combinations  which  contribute  to  the  energy  absorbing  c»jj*olty  of 
the  entire  structure#  Severer,  since  vary  little  is  kuovn  abouu  ever  the 
energy  absorbing  capacity  of  a reinforced  concrete  member  subjected  to  the 
simplest  kind  of  stress,  it  was  deemed  necessary  to  establish  by  exper- 
iment the  complete  loaded* formation  relations  for  the  sinple  case  of  pure 


i'iOKure  Vo  fore  complicated  stress  combinations  ware  considered  * 


2.  Score 

/tlth.  jugh  a great  variables  murt  be  considered  in  a complete 
study  of  the  flexural  load-dofomation  characteristics  of  reinforced  con- 
crete aeabers,  it  vas  not  considered  practicable  t-o  introduce  all  of  then 
in  this  phase  of  the  investigation.  However,  -itudios  of  previous  invest- 
igations, and  analyses  nade  in  connection  with  this  study,  indicated  that 
th«  aost  Important  variables  are  the  concrete  strength  and  the  steel  per- 
centage and  properties}  therefore,  the**  were  chosen  ai  the  principal 
quantities  to  be  studied. 

Tha  results  of  both  analytical  and  experimental  investigationa 
are  presented  it  thla  report,  tbs  analysis  was  developed  to  predict  the 
lead-defleotion  onrves  for  ainpla  be  ms  in  flexure,  the  results  of  the 

e 

analysis  were  tested  by  ccaiperison  with  test  results.  It  was  found  that 
the  method  is  capeble  of  predicting  with  s fair  dagree  of  accuracy  the 
following  properties  of  the  load-deflection  curves  obtained  from  the  teats i 

(1)  The  load  at  first  yielding  of  reinforcement 

(2)  The  deflection  of  the  bean  or  the  rotation  in  the  con  a tent 
ftemant  eectlon  at  a load  com  a pending  to  (1) 

(3)  Tha  maxiarca  load  carried  by  the  ben 

(4)  The  deflection  or  rotation  corresponding  to  the  nszlsus 
load . 

With  these  four  quantities  the  load-defleoti'ja  diagram  for  beam/*  with  tension 
reinforcement  only  or  with  both  tension  and  coxpreasion  reinforcement  nay  be 
conatructeu,  tnd  the  energy-absorbing  capeoity  computed.. 


The-  results  of  ste/tlc  load  teats  of  32  reinforced  Conors te  boars 
in  flexure  era  re  cor  to  a herd  n and  compared  with  the  predictions  of  the 
analysis.  Twenty- ore  of  these  beaus  ware  provided  with  tension  reinforce- 
ment only,  while  12  were  provided  with  ccrpreasi >n  as  well  a3  tension  oaiAr- 
forcenent*  Adequate  provisions  against  shear  failure  were  made  in  practi- 
cally all  boons.  The  principal  variables  were  the  sufeiigth  of  the  concrete, 
the  amount  of  tension  or  compression  reinforcement  and  the  manner  of  tying 
tho  compression  reinforcement, 
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the  early  stages  of  the  investigation  aid  to  Lt,  A-.  F.  Dill,  Civil  Engineer 
Corps,  U,  S.  Havy*  for  hie  able  assistance  in  connection  with  the  develop- 
ment of  the  analysis.  The  manuscript  of  this  report  was  critically  studied 
by  Hr.  T . H*  Appleton,  Research  Associate,  and  hie  helpful  ccnnents  are 
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4*  flotation 

I ■ * ■ I 


7 


C 


The  following  notation  is  used  in  this  reports 


4 - ares  of  tension  reinforcement 

S 

jn  - area  of'  compression  reinforcement 

a = depth  of  stress  blook  in  concrete  at  maxima  load-carrying 
capacity 

b ~ width  of  c rectangular  beam 

Cj  = ccfflpreaaive  force  in  concrete 

= conproocive  fores  in  the  eospresoion  reinforcement 

d = distance  from  centroid  of  tension  reinforcement  to 
compression  edge  of  besa 

E ts  modulus  of  elasticity  of  concrete j assumed  approximately 
c equal  to  1,800,000  ► 460  f» 

B = modulus  of  elasticity  of  reinforcing  steal  in  the  elaatio 
region 

B0  = slope  of  stress-strain  curve  for  reinforcing  steel  in  vork- 
hardening  region  (See  fig.  i) 

ft  = ccepressive  strength  of  concrete  as  determined  from  test* 
w of  6 x 12-in.  cylinders 

f0  = defined  in  fig.  1 

f_  = stress  in  tension  reinforcement 

B 

ft  = stress  in  compassion  reinforcement 

fy  = yield  point  of  tension  reinforcement 

f^.  = yield  point  of  compression  reinforcement 

I = metre  at  of  inertia  of  beam  cross-section  transformed  to 
concrete 


k = ratio  indicating  relative  depth  to  neutral  axis  of  transformed 
section  of  beams  reinforced  in  tension  only,  (straight-Iins 
theory) 

k>  = ratio  indicating  relative  depth  to  neutral  axis  of  trans- 
ferred section  of  beans  reinforced  in  tension  and  compression 
(straight— line  theory) 
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a factor  which  when  multiplied  by  d yields  the  distance 
between  tension  end  compression  reinforcement 

coefficients  defining  the  magnitude  and  position  cf  the 
internal  compressive  force  in  concrete  (See  Fig-  2) 

ratio  of  maximum  compressive  strength  of  concrete  in  beam 
to  compressive  strength  of  standard  test  cylinders,  f* 

length  of  beam  span 

bending  moment  at  yield  point 

maxima  beading  accent  at  naxiriua  load-carrying  cepeoity 
VRc  = nodular  ratio 

V“ 

n 

: p,fT 

d 

force  in  tension  reinforcement 

sldspan  deflection  at  yield  point 

sldepan  deflejtivj  at  audmtsi  lcad^carrying  oapcoitj 

•train  in  steel* 

strain  in  steel  at  yield  point* 

strain  In  steel  at  beginning  of  work-hardening* 

ultimate  strain  in  concrete* 

curvature  of  beam  at  yield  point,  In  region  of  constant 

moment 

curvature  of  beam  at  maximum  load-carrying  capacity,  in 
region  of  constant  moment 


* Hi  all  cases  the  atso’v-tc  val.-oea  of  strain  are  used  In  the 

analysis 


9. 


Ill  BESORiFTIOS  0?  TEST  SPECfflBKSo  M4TE3IAI3  A>u?  FAIiBIGAIIOT? 


5 * Description  of  Tei<t  Speolnens 

The  ohoice  of  tfcs  si*e  of  the  test  specimens  was  lnfliBnced  by 
two  factors*  Tirst,  it  was  desired  that  the  beans  be  sufficiently  large 
so  the  smallest  steel  percentage  could  be  attained  by  using  two  ccenaercial- 
oleo  deferred  burs  as  longitudinal  reinforcement.  And  second,  the  beams 
should  be  sufficiently  small  so  future  testa  under  dynamic  loading  could 
possibly  be  made  with  the  came  else  jpcoimen.  ?R.th  these  consideretions 
In  mind,  a ber».  cross  Motion  of  6 in*  by  12  in*  and  a bean  span  length  of 
9 ft*  were  chosen.  Hie  enroll  length  of  the  teat  beams  vaa  10  ft* 

The  beau  were  leaded  at  the  third  point#  in  order  to  subject  a 
considerable  portion  of  the  apaoiaan  to  pure  flexure  and  etill  hasp  within 
reasonable  load  tad  shear  requirement#*  Load  was  applied  through  bearing 
block#  which  were  8 in.  square  and  3 in*  thick. 

In  the  series  of  teat#  employing  tension  reinforcement  only*  the 
reinforcing  iadox  q « pf^/f^  was  railed  in  such  a manner  as  to  corner  the 
range  from  beau  haring  leas  reinforcement  than  specified  by  usual  design 
oodas  to  beau  haring  sufficient  reinforcement  to  obtain  initial  concrete 
compression  failures.  This  is  shown  in  ihs  plot  of  q ra.  f£  in  Tig.  3* 

In  ordar  to  rary  the  parameter  q in  the  Mriei  of  beams  rein- 
forced in  tension  only,  the  concrete  strength,  f^,  vat*  varied  from  2000  to 
6000  pel,  and  the  percentage  of  tension  reinforcement*  p,was  varied  fre* 

0*34  to  7.22  percent  as  shown  in  Table  L»  In  order  to  vary  the  tensile  end 
compressive  resistance  of  tho  beams  reinforced  in  tension  and  compression, 
the  following  faotors  were  varied  as  shown  in  Table  2i  concrete  strength, 


f^n  from  2000  to  5 COO  prlj  the  porce-nt.age  of  tension  reinforcement,  p,  frcs 
1*38  to  5*61  percent;  the  percentage  of  conn's  a sion  reinforcement*  p>9  from 

M t 

Oc625  to  2*30  percent;  the  ratio  of  the  area  of  conpession  reinforcement, 
p8  to  the  area  of  the  tension  reinforcement,  p*,  from  0*454  to  0*733 J tho 
ties  in  the  region  of  pure  flexure,  from  no  ties  to  bies  at  one-quarter  of 
the  spacing  required  by  the  A.C.I.  Code  (318-51);  and  the  manner  of  'eying 
the  compression  reinforcement  as  shown  in  Pig.  4* 

Since  tho  ahaar  requirements  of  A.C.I.  318-51  were  satisfied,  no 
shear  reinforcement  was  provided  in  the  first  eight  beams*  However,  the 
firat  two  beams  tested  failed  in  diagonal  tension,  and  shear  reinforcement 
vae  therefore  provided  in  the  subsequent  testa.  Outside  •clamp-on1’ 
stirrupe,  as  shown  in  Fig*  5,  were  used  on  the  beams  already  fabricated 
without  web  reinforcement,  and  conventional  vertioal  stirrup#  were  provided 
in  the  remaining  beams.  These  stirrup#  were  designed  to  carry  all  of  the 
predicted  maxima  shearing  force  at  a computed  unit  stress  in  the  stirrups 
of  30,000  pei. 

6.  frtqrtEk 

(a)  Cement  Type  Z Portland  Cement  was  used  In  all  test  beams* 
The  cement  vss  purchased  In  paper  bsga  In  two  lots  from  a local  dealer  and 
stored  under  proper  conditions^ 

(b)  Pine  snd„C,qarpe  Aggre gates  The  fine  aggregate  was  Vabash 

River  torpedo  sand  having  an  average  fineness  modulus  of  3*1«  The  coarse 
aggregate  vaa  Vabash  River  gravel  of  1-in.  maxi  mm  size*  Th6  gravel  had  a 
rather  high  porcontege  of  fine a.  The  aggregate  cisve  analyses  ere  given 
is  3»  lhe  specific  gravities  wens  2.65  and  2V70  for  sand  and  gravel, 

respectively.  The  absorption  of  both  fine  and  coarse  aggregate  was  about 


one  percent  try  weight  of  the  (surface  dry  aggregate© 

The  origin  of  these  segregates  x4  a glacial  outveshc  asinly  of  the 
Wisconsin  glaciation*  ’The  ma^or  eonsituonts  of  the  gravel  vere  liisstono 
sad  dolomite*  and  thoro  vei-a  minor  quontitias  of  quarts*  granite.}  gneiss^, 
etc.  Tha  sand  consist-ad  mainly  of  quarts  with,  the  coarser  fractions  similar 
to  the  gravel* 

The  aggregates  were  purchased  in  three  lots  from  a local  dealer 
and  stored  under  proper  conditions© 

(c)  goinforcing  Steel  Seven  sizes  of  deforned  bare  were  uaed  as 
longitudinal  reinforcement j No.  3 through  No.  9.  Ill  of  the  deformed  bars 
OMi  met  the  miniwta  requirements  for  deformations  of  deformed  steal  bars 
for  concrete  reinforcements  iSTM  Designation  A 3C5-50T.  A photograph  of 
semplea  of  these  bars  is  givon  in  fig*  it  One  been  vai  rainforcad  vith 
plain  bar  a.  ill  bare  vara  of  intermediate  grade  atael  seating  the  require- 
•ante  of  iSTM  Daaignation  l 15-39. 

Tba  steel  rainforcamant  vai  pttrohaaad  in  22»ft,  lengths  from  a 
ooaawrcial  daalar.  All  hers  vara  from  the  earn*  lot  except  the  bare  in  the 
first  two  beaaa  fabricated  which  were  from  the  laboratory  stock.  Properties 
of  each  bar  ussd9  determined  from  tensi-cn  teatis  are  listed  In  Table  4*  and 
• typical  stress-strain  curve  for  each  size  of  bar  ie  given  in  Figs.  79  8» 

9*  and  10,  The  tests  wars  made  in  a 120900C-lb,  capacity  Baldwin  Southwark 
Tete-2fcsry  hydraulic  testing  machine {.  and  strains  vere  seefttred  with  an  ft- in, 
extexuoaeter  and  recorded  vith  an  automatic  recording  device.  The  extenso*- 
meter  employs  a 'haioroforaer’1  coil  In  aeasu. rir£  strain,  is  used*  the 
oxtonseneter  had  a rauga  of  4-percent  atroin  and  an  error  of  less  than  one 
percent  of  the  reading© 


(■*)  Preparation  or  Stoel  Reinfaroeasut  xbe  first  step  in  the  m«nu- 
feature  of  the  sp^ciaens  vas  to  cut.  the  longitudinal  bars  to  length,.  The 
bars,  as  supplied,  ver^  of  such  dimensions  that  tvo  length?  of  longitudinal 
reinforcement  end  one  tension  test  coupon  could  be  obtained  from  each  bar. 

Tbs  gege  lines  for  tb-n  naouSKleel  gages  vore  than  narked  and  the 

gage  holes  punched  and  drilled.  A saall  piece  of  eleetxdeiftt*s  tape  was 
placed  over  each  gags  hole  to  protect  it  during  the  casting  of  the  concrete. 
Corks  were  wired  to  the  bars  at  each  gaga-hole  location  in  order  tc  form  core 
holer  in  the  sides  of  the  besa  to  provide  toceaa  to  the  bars.  The  ooro  holes 
say  have  slightly  influenced  the  form  tie*  of  tension  cracks,  but  such 
cracks  would  hare  oc  cured  in  any  event  before  the  steel  stresses  be  cue 
large. 

The  atirrupe  and  ties  vers  fabricated  is  the  laboratory*  and  the 
reinforcement  vis  assembled  into  s unit  before  it  vas  placed  is  the  forms 
as  shown  in  rig,  6.  The  longitudinal  steel  was  placed  lntide  the  stirrups 
or  ties  ard  securely  wired  to  them  as  shows  in  Mgs,  11  and  12$  Spacer  burs 
aid  chairs  were  used  tc  insure  accurate  a pec  lag  of  these  bears.  All  burs 
had  apprcoisstely  one  inch  ef  concrete  camrluf  ct  asy  rmfncs. 

In  eix  of  the  twelve  beams  with  ccmpresaion  reinforcing,  8h-4 
electric  rtbiatance  strain  gagee  were  mounted  on  this  rtdnforemaeat.  To 
ih  cllitate  nounting  of  the  as  gages*  the  Inca  wem  ground  off  error  bslf  the 
per*J3)t?r  o?  the  bar  for  a length  of  about  1.5  in.  It  La  a been  found  in 
other  inveatig«tion3  that  tho  yield  point  and  ultinsto  strength  of  the  bar 
la  little  affected  by  the  .local  removal  of  the 

* Hognestsd,  £,*  "A  Study  of  Corabired  Bending  end  Axial  loef  in 
Reinforced  Conor ate  Members*,  IMrersity  *f  Illinois  Engineering  Experiment 
Station  Bulletin  Ho?  j? 99?  Nov,  1951,  P,  lo. 
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(b)  Canting  of  Concrete;  All  concrete  vtis  rived  in  a non-tilting 
drum  type  eIahI'  of  6-cu»  ftv  capacity  and  placed  with  the  aid  of  a high 
frequency  laboratory^*  type  internal  vibrators  Two  batches  'were  used  in  each 
bearjs  In  spite  of  the  uso  of  a batter  iaix  to  condition  the  nixer  prior  to 
the  first  batch,  the  strength  of  the  two  separate  batches  hawing  the  sane 
iioninal  proportions  vsvisd  to  sone  eictent#  In  ordsr  that  the  concrete  in 
the  constant  accent  section  of  the  bean  be  free  the  same  batch,  the  first 
batch  of  each  mix  was  placed  in  the  outer  quarters  of  the  beaa  and  the 
second  batch  in  the  central  half.  The  properties  of  the  sixes  sre  given  in 
Table  5 and  the  test-day  und  7-dsy  strengths  are  plotted  against  the  caaent- 
vater  ratio  in  Tig,  13. 

Although  the  six  vas  designed  to  have  a sltap  of  2 to  3 in.,  the 
aetual  alrape  varied  fro*  0.5  to  7 in.  at  ahovn  in  Table  5.  The  con- 
sistency via  difficult  to  control  baeaute  the  aoJetuce  an  tent  of  the 
aggregate  ▼ fried  and  tba  of  only  taro  betebea  afforded  little  ohanoe 

for  adjuataent. 

The  beaaa  were  oaat  in  eteel  foraa.  The  form*  vere  ra**ted  the 
day  after  the  bens  vere  cait,  and  the  bans  were  utorad  under  solct  con- 
ditiona  for  an  additional  fix  days.  Thay  varo  then  atored  in  the  air  of 
tha  laboratory  until  tested,  Six  6 by  12-in.  control  cylinders  vere  osat 
from  eaoh  batch  of  conorete  and  vere  vibrated  and  o\red  in  the  ease  manner 
ai  the  bioms.  Three  of  thoie  flinders  vers  tested  at  seven  dtya  to  give 
ecce  Indication  of  the  comprsasivs  strongthj  the  remaining  three  cylinder* 
were  tested  on  the  day  the  beta  i t*z±£  vos  tasted# 


17  DESCRIPTION  0?  M)  TEST  PRCCZBUHcl 


8*  Rccorjption  of  Test  Apparatus 

(3)  Loading  Apparatus  The  beaus  vere  tested  c>n  a 9-ft*  span  with 
loads  applied  at  each  one-third  point.  The  beaus  were  tested  in  a 300,000  - 
lb.  capacity  Ptlehle  ecr&w-type  tenting  machine  end  ’.rcrc  offset  In  t be  each-- 
ine  to  provide  access  to  -the  entire  length  of  the  bean  for  sechanioal  strain 
gage  reedinga,  as  shewn  in  Figs-  V-  end  15.  The  jack  on  the  vest  end  of  tho 
loading  rig  vae  used  to  beep  the  loading  beam  approximately  level  during 
testing*  The  testing  naehine  vaa  used  to  apply  deferoation,  and  « 125»000- 
lb*  elastic-ring  dywacmeter  was  used  to  measure  the  applied  load.  The 
weight  of  the  distributing  beam,  600  lb,,  vaa  taken  into  account  in  all  cal- 
culations sinoe  the  dynaacssster  did  not  measure  this  load* 

b*  Twta^—wtation  Tensile  strains  in  the  steel  were  measured  on 
siz-lnoh  gage  lengths  with  a mechanical  type  strain  gages  1 Berry  type 
mechanical  strain  gage  vas  used  until  the  strains  exceeded  its  range,  after 
vhioh  a direct-reading  type  strain  gage  vas  employed.  The  Berry  gage  htd 
a multi plication  ratio  of  5*32,  and  vas  equipped  with  a 0*001 ’in*  dial  aioro- 
-‘'ver*  The  jreoieicn  of  readings  with  'this  gage  vas  on  who  order  of  0,00003 
strain.  The  lireot-reading  gage  vas  equipped  with  s 0.001-in.  dial  nioro- 
aeter  art!  vas  read  to  the  neareev,  0, 001-ln* 

is  shown  in  Big*  16,  the  alx-inch  mechanical  gage  lines  on  eaoh 
bar  of  the  tension  reinforcement  vere  continuous  throughout  the  entire  epan 
on  the  first  16  beans  tested.  Bovererf  after  c study  of  the  test  data 
obtained  iron  these  beans,  it  vas  decided  to  eliminate  the  gage  lines  in  the 
outer  thirds  of  the  ;ipan  on  'che  remaining  17  beams  1 


■Jhe  cOjpreBaii.'O  6tj,-ain  cu  the  top  o;]rf'3C3  c;  the  cc no re  to  vat: 
lisafcureti  with  SP.-4  electric  resistance  strain  gages*  ifceao  gages  were 
located  as  shown  in  Fig*  l6«  The  three  central  32=4  gagas  (Hoa*  2,3,4) 
veie  of  type  4-9*  with  Blx-inch  gage  lengths  and  were  located  so  as  to  be 
dlreotly  above  the  throe  central  gjgo  lines  on  the  tension  raitior^enont 
in  order  that  the  aDgle-change  at  sidspan  could  &e  aeseurad.  The  outer  two 
gages  (Bos.  1 end  5)  vert  of  type  4-11*  with  one-inch  g3ge  lengths*  and  vsre 
used  as  check  (jegee  at  the  tutor  entrasdtie*  of  the  constant  mcaent  Motion. 

The  strain!  in  the  compression  steel  at  sidepan  of  3ix  of  *he 
tvelre  bear  reinforced  in  compression  were  ■eanred  by  leans  of  SB-4  eleot- 
rio  resistance  strain  gages*  type  4-11*  with  one-inch  gage  lengths*  These 
gages  vere  mounted  on  the  bars  and  carefully  waterproofed  with  Fetrolartlo 
asphaltic  ccn pound  or  Cyaleveld  C-14  cement  so  that  they  would  function 
proper ly  after  Wing  embedded  In  the  fresh  Generate* 

The  iefleotions  of  the  beams  with  respeot  to  the  bed  of  the  tn st- 
ing iuohime  vere  Matured  to  the  Merest  one-hundredth  of  an  imoh  by  neane 
tf  e ateel  aeale  and  orois-eeotion  pr.per  targets  cn  the  sides  ef  ihe  beau* 
These  deflection!  vere  matured  at  satan  locations  along  eaoh  aide  ef  the 
first  11  beans  tested*  and  at  nine  locations  on  eaoh  aide  of  the  remaining 
22  be  an  i as  ahovn  in  ?ig.  17*  In  order  to  date  nine  the  mldspen  defleytion 
ourree  nore  accurately  for  the  last  eight  beans  tested  a 0. 001-in*  dill 
indicator  defleotoneter  vas  used* 

The  appearance  of  the  failure  of  the  first  beta  suggested  that 
the  diagonal  tension  failure  ccolu  hove  been  initiated  by  a bond  failure) 
therefore  0.Q001~in*  dial  indicators  vere  noun  ted  on  the  second  beam  i,n 
order  to  detect  any  end-elip  of  the  tension  reinforcement*  The  failure  of 


tie  second  been  vai  sluilei-  -to  tho  firet-  been  and,  since  no  end-slip  use 
ot served,  these  scaBur-eu-ento  were  not  nsade  cn  tne  renainin^  beareo 

9 * Description  of  Test  Procedure 

tie  beans  yore  tested  at  ages  froa  28  to  70  days  as  shown  in 

table  5. 

tn*  increments  of  leading  wera  based  upon  the  critical  factors 
during  each  stage  of  the  testing  procedure,  Dp  to  the  yield  load*  thye  in- 
crements were  baaed  upon  the  dynamoteter  readings  which  measured  the  applied 
load,  The  load  wfcioh  caused  yielding  conld  be  estimated  olosely  froa  cal- 
culations baaed  cn  an  ultimate  theory  or  froa  the  reaulta  cf  previous  taata. 
After  yielding,  the  increments  of  loading  vara  baaed  upon  the  concrete 
itrili  until  the  concrete  In  the  cumfreasioa  son*  c rushed.  After  the  r, Di- 
or* te  crashed,  the  imerements  vert  beatd  upon  the  measured  defleotions  until 
the  beat  collapeed  or  until  the  test  was  stepped  beotuee  of  the  instability 
of  the  loading  apparatus.  Tron  four  to  si*  approximately  equal  increments 
of  loti  were  applied  between  sero  load  and  the  yield  load, and  depending 
upon  the  ductility  of  the  baa*  a total  of  9 to  25  Inoraannta  were  applied 
betvean  aaro  load  and  collapse* 

The  following  measurement*  were  recorded  after  the  application  'f 
eaoh  increment  of  deformation*  tha  saxlasm  load  attained  dining  the 
application  of  the  defoliation,  the  deflections  along  the  baa*,  the  etreias 
la  the  concrete,  the  strain*  in  the  raitiforceaent,  and  the  load  the  bee* 
was  currying  after  all  seasurerents  had  bean  taken*  In  addition  to  thee* 
measurements,  the  crack  pattern  was  marked  after  each  incre rent  snd  a running 
log  of  any  significant  change  in  the  behavior  of  the  test  vjj  kept'? 

A continuous  i^otcgcspfci-c  record  was  sr.de  of  the  ht>auo  during  test- 
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iug«  "Chase  photographs  were  taken  at  every  eignitleaut  change  in  tbs  crack 
pattern  or  in  xho  geraral  appearance  of  the  vs«^>  Ikes®  records  vers  icadc 
cn  33  ca.  filn  from  vbioh  popiiiva  film  stripe  vere  printed*  By  projecting 
these  photographs  on  a screen  the  appearance  of  the  beanu  during  testing  «e4 
the  development  of  orackj  could  be  atudied* 

the  applications  of  eacn  increment  of  load  end  the  taking  of  ell 
the  oeaeuraaent#  required  about  20  ninutes.  The  entire  testing  of  one  beam 
required  frao  fire  to  eight  home* 

On.  the  dey  tbo  beat  vte  tested,  six  conorcte  control  cylinders 
were  tested,  three  fros  eaoh  betch  of  concrete  in  the  bits. 


V CY  EXHSRSIC KS  FCH, 

CRITICAL  H0H3KTS  AND  DilFCRHAITIO^S 


10.  A^siroutlons 

The  follovi’ig  ere  the  assumptions  cede  in  the  calculations  for 
thscretioal  , Load-do tie otion  relational 

(1)  Ltaear  strain  distribution.  Linear  distribution  of  strains 
throughon!  the  depth  of  the  bean  is  aaaused  at  all  stages* 

(2)  Streas-itrain  rslaticnahlp  for  steel,  The  atrsss-atrain 
relationship  for  the  a tael  In  tiffined  to  t*  known*  In  the 
tib*arj?  the  ictuil  atreie-etrain  ourre  of  the  steel  ia  approx- 
imated by  an  idetliied  cum  conflating  of  three  straight 
line  a at  shown  in  Tig*  1* 

0)  fry  retiated  hr  concrete.  Tension  atreieet  in  the 

concrete  are  neglaoted.  Although  sane  tension  ftreieea  suit 
ilvtji  exist,  their  effeot  on  the  »o»eat-«trrying  ctpeoity 
tad  deforcetiona  of  interest  in  thle  report  oan  be  neglected 
with  little  error* 

(4)  flrerftiaff  ?f  g;rr-^  li .* linrttai  i&ala-  »•  theory  ia 
beaed  upon  the  asauaption  that  the  audxua  flexural  oapaoity 
ie  readied  when  the  concrete  cruahea*  The  onubing  of  the 
concrete  ia  asaused  to  occur  when  the  concrete  etrain  re  no  he  a 
sou*  litdting  ralue  that  it  aisuned  tc  he  a function  of  thu 
coapreesive  strength  of  the  concrete* 

(5)  gnokllng  of  -jormrsfciop  atee^t  The  ccmjresBion  steel  ia 
asstuicc.  to  buckle  es  soon  aa  ii*  concrete  crushes. 


(6)  Bond  between  cone ret*  sod  ot-etl.  lr.3  bond  condition  be- 
tween the  reinforcement  and  the  concrete  infi-nancas  the 
condition  of  conpeb-lMlity  of  strains.  Perfect  bond  is 
assumed  to  exist  between  the  conorote  and  steel.  This 
assumption  is  not  strictly  corraot  since  local  bond  fail- 
ure e occur  in  the  vicinity  or  cracks. 

A.  BEJU6  USEtPOftCRD  IF  THISION  OXLI 


11.  At  Held  Point 

Th*  load  and  deformation  it  the  yield  point  can  be  eatisfactorily 
determined  by  use  of  the  conventional  "straight-line 1 theory  vhioh  alarms 
i linaar  atraas-straln  relationship  for  the  conorote  and  thus  laada  to  a 
lisair  stress  distribution  in  the  conorata.  In  reslity,  the  atraaa  dist- 
ribution in  the  eonorate  will  ba  linaar  only  If  the  ismlmua  fiber  atran 
it  th*  top  of  U>a  beta  Is  vail  balov  the  conpraasiva  strength  of  the  con- 
crete. This  will  be  true  only  for  mder-reiaforcad  beans)  that  is*  beau 
having  poroantagaa  of  raiuforcaaent  or  raltes  of  a balov  those  necessary  to 
porcino*  ainultanaoua  fairer*  by  crushing  ef  the  conoreta  and  yielding  of 
thtj  etaal.  If  a more  precise  calculation  la  desired,  a ooncreie  stress 
blcok  similar  to  that  ahovn  in  Fig.  2 any  be  employed,* 

Tf  linaar  etresa-strain  distribution  in  the  conoreta  is  eaiuaad, 
a*  shown  La.  the  sketch  on  the  folloving  pega^  the  yield-point  mount  and 
defamations  for  besao  reinforced  in  fcenaloa  only  and.  failing  by  yielding 
of  the  reinforcement  can  be  computed  aa  follows? 


20 


Tr&nafcnned  Ansa 


1 


If  vns  defina 


n = 


(1) 


and 


(2) 


then,  ««  in  tha  conventional  1 a tr eight-line"  theory,  the  depth  to  the 
ne  vtral  axle  ia  ££  vhare 


k = \j2j»  + (pn)Z  - >ii 


(3) 


The  socjent  acting  O'!  tie  bean  when  the  jreinforceuent  is  stressed  to  the 
yield  point,  £„,  is  them 


\L  “ Td  0 - l>= 
y ‘2  * a 


(4-) 


The  moaeat  of  inei-tis  of  the  section?  transformed  to  concrete  •,  isg 


(5) 


Arid  the  curvature  of  the  be&n  due  to  moment  is* 

^ (6) 

Six.ce  the  M - $ carve  ie  approximately  a straight  line  up  to 
yielding  of  the  reinforcement » the  distribution  of  curvature  along  tha 
bean  i*  the  earn*  at  that  for  ztooent*  therefore  the  yield  point  deflection 
it  midapan  of  a beam  with  third-point  loading  let 

/vik^1'2  w 

where  £ la  tha  apen  of  the  ban* 

12*  At  Haxira  I^ad^amring  Oaweity 

The  load  and  deformation*  at  maximum  load-carrying  oapaolty  can 
be  determined  by  tha  use  of  an  ultimate  theory t derived  in  the  following 
paragraphs*  Iti.  this  theory  it  ie  eaceysary  to  assume  e rttress  block  in  the 
concrete  which  is  represented  by  three  parameters  k^p  and  k^,  as  shown 


22, 

in  2 and  in  the  sketch  below. 


•olty  of  a concrete  baas  can  be  ccaputed  ae  follows* 
frea  statics*  referring  to  the  preceding  sketch* 


W*  ■ Va  = *«. 

(8) 

P“, 

“"TO 

(Si) 

^ = 1(4  - iCja)  - j*4f(  (4  - Itji) 

(9) 

By  substituting  Eq.  (£a)  in  J3q#  (9)»  is  obtained  as  follows s 

2 *b 

*W  “ p,'sW  & " ^ ff 5 


(9a) 


23. 


Tho  naxicrun  nouant  given  by  Eq.  (9a)  can  bc-t  datoruined  if  f 


k 


and  the  quantity  rr*  are  known.  The  value  of 
T3 


¥5 


varies  sonevhat 


with  but  free  this  and  other  investigations*  a value  of  0.5  has  been 
found  to  provide  the  best  agreement  with  the  x« suits  of  experinent.  The 

stool  stress  f nay  bs  at  the  yield  point,  above,  or  below  it,  depending 

Jl 

on  the  properties  of  the  bean.  Expressions  for  f_  are  derived  subsequently. 

(b)  ftaxlnua  Mraent  Deforsatlon*  The  deforce tions  corresponding 
to  the  maximum  acoent  oBn  be  conpated  if  the  ultimate  strain,  cu*  in  the 
top  of  the  bean  and  the  corresponding  steel  strain*  c^*  are  known.  Ultimate 
concrete  strains  measured  in  the  tests  of  these  beams  are  ahovn  in  Fig.  13. 
Tor  the  calculation*  included  in  this  report,  it  has  been  asstswd  that  eu 
is  independent  of  f*  and  equal  to  0.004* 

«b 

If  the  strain  in  the  tension  reiafereeasnt,  c * and  the  ultimete 
concrete  atrain,  in  the  top  of  the  ben  are  fcaovn,  the  curvature  of 
the  beam  at  the  location  of  maxlmw  moment  oaa  be  expressed  ast 


nit 


t * c 

«X r-3 


(10) 


The  strain  in  the  tension  reinforcement  may  bo  computed  as 

follows* 

From  the  strain  relations! 


c + n 

£ -ri 


(11) 


while  free  the  stress  relations i 


pf 

a f s 
d ¥^1 


Fran  Bqs.  (11)  and  (12)  » 


cs  * cu  ^ pfe  “ ^ 


Values  of  k^k,  determined  ftps  the  teat  results  are  plotted  aa  a 
function  cf  the  concrete  strength  in  Fig*  19*  For  the  calculations  in  this 
report  the  following  empirical  equation  has  been  used* 


*1*3  c °*625  * f ' -^500 

c 


The  relation  of  this  empirical  expression  to  the  results  of  the  tests  is 
iiscnmted  further  In  3eotlon  18e. 

and  t%  are  known,  the  steel  strain,  cfl*  oan  be  determined, 
thus  enabling  the  curvature  of  the  beam  at  the  location  of  maximum  noaent 
to  be  computed.  Etpressions  for  ff  arc  derived  in  the  following  section* 

(e)  Determination  of  Stress  in  tension  Heinforceaent  at  Heurimun 

Koesat  The  stress  in  the  tension  reinfoveenont.  t . at  saxlmsn  noaeat  can 

_g 

be  computed  if  the  ultimate  concrete  strain,  e^,  in  the  top  of  vie  beam, 
the  values  of  k-jk-,  and  the  stress-strain  relationship  for  the  steel  are 
known.  The  ultiaate  concrete  strain,  cu,  is  taken  as  O.OCHj  is  oonputed 
f>on  Eq.  (14);  and  the  stress-strain  relationship  for  the  steel  is  determined 


25  a 


by  ooupon  test  or  frca  en  idealised  stress-strain  &Kcvq  ae  eho wn  in  Fig,  1* 
Solving  Eqs,  (11)  and  (12)  for  f « 


k,k*f « c 
- 1 3 o u 


P® 


(15) 


If  the  etwee  in  the  tension  reicfaro«3nt  iB  belov  the  yield 

point) 


c.  »=  (fran  Tig,  1) 

■ * 


lad  solriif  Xq •»  (15)  and  (16)  for  t,  jive* 


(16) 


(17) 


If  the  stress  in  the  tension  reinforcement  is  shore  the  yield 

point) 


*S  = fo  * csSo  Tig . I) 


(13) 


end 


(13a) 


And  solving  Eqs.  (15)  and  (18a)  for  f , gives 

S 
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c> 


f 


8 


(19) 


The  remaining  oase  is  for  the  stress  In  the  tension  reinforce- 
aent  at  the  yield  point,  for  whieb 

f§  * £ (froa  fig*  1)  (20) 


la  order  to  determine  whether  the  stress  in  the  tension  rein- 
forcement is  shore,  at,  or  belerv  the  yield  point,  the  orltical  raltrns 
of  q ■ jp  corresponding  tc  cg  = Cy  and  c#  = c0  rruat  be  known*  These  may 

be  computed  ss  follows t 


Solving  Sqs*  (11)  end  (12)  for 


(21) 


it  both  a Cy  end  cg  = c0«  f^  = f^  end  thus 


(22) 
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The  upper  critical  valus  of  q ia  designated  as  q . It  narks  tha 
boundary  “between  initial  failur©  of  the  bean,  by  crushing  of  th©  concrete 
and  by  yielding  of  the  reinforcement.  For  q^qor>  failure  occura  initially 
by  crushing  of  the  concrete  while  the  reinforcement  is  still  stressed  'be- 
low the  yield  point*  that  is,  f <£f_»  The  strain  in  the  reinforcement  * e , 
st  the  Uniting  condition  for  yiald  failures  is  equal  to  & . Substituting 
this  value  in  Eq.  (22),  q^  is  obtained  as  follovst 


^cr  = 


(23) 


The  lover  critical  veins  of  g,  differentiating  between  f^  = fy 
tad  fj)  fy  at  failure,  ia  designated  as  q^#  The  strain  la  the  reinforce- 
■ent  for  this  Halting  condition  is  e cQ*  Substituting  thia  Talus  in 
Sq,  (22),  q^  la  obtained  aa  follovst 


(24) 


(d)  Peteminetlpn  of  Hldspan  Pefleotion  at  :;taxiaua  Moaeat 
The  (la flection  of  a bees  can  &e  computed  if  tite  relation  between  sosscnt 
and  curvature  is  known.  The  aoneat  to  which  « beam  was  subjected  le  known 
from  the  measured  load  and  the  dimensions  of  the  bees.  The  relation  be- 
tween the  moment  and  curvature  can  be  determined  froa  measured  strains  at 
a given  load.  However,  the  naxiana  aomcnt-carrying  capacity  of  a reii.- 
lorced  concrete  Dean  can  be  computed  Eq.  (9s)  and  tieu  curvature  o? 


23  c 


iha  beta  due  to  pure  flexure  from  Eq.  (10) s 

The  noEent  and  curvature  at  the  yield  point  can  be  computed  from 
Eqs,  (4)  and  (6),  and  the  accent  and  curvature  at  the  aaxirtua  load-carry- 
ing capacity  can  be  computed  as  stated  above-#  JTrou  these  value s9  the 
diagra*  of  moment  vs.  ourvature  can  be  represented  approximately  by  straight- 
lines  as  foUovst 


The  general  nature  of  thia  curve  agrees  very  veil  with  the  results  obtained 
fro*  aaasured  strains  in  the  constant  accent  region  of  the  test  beans# 

At  the  * extra  load-currying  capacity  of  a ba«nt  the  aaadam 
nonent  can  be  ror,  'ted  by  Eq.  (9a )»  and  the  distribution  of  nonent  along 
the  bess  can  be  dyterained  from  statics#  The  M *»<$  relationship  deter- 
nined  for  the  section  of  por«  aoaent  la  aasuned  to  apply  throughout  the 
entire  length  of  the  beam  if  the  erscldng  due  to  ehear  is  negligible#  If 
this  aBBuaption  is  made,  the  following  distribution  of  curvature  at  the 
aaxiana  load-osrrying  capeoity  of  9 beam  loaded  at  the  third  points  is 


obtained* 


Hoverer  the  deflection  of  the  b«u  It  little  affeoted  by  the 


•hep®  or  magnitude  of  the  oumture  dlagra  in  the  outer  third  of  the 
beta*  Consequently,  • aimplified  diatributioai  of  oumture  hat  beta 
a a rand  at  folloirat 


Tor  the  above  diatritartion  of  curvature  a loaf  a beam  loaded  at 
tiwi  third  joints,  tha  nidsran  deflection  at  maxSsua  load-carrying  capaoity 
can  be  o^wreesed  es  follow# i 


Sit 


= 2I0&J- 


15  + 6 


(25) 


the  above  confutations  for  are  valid  only  if  the  cracking 


■JGc 


duo  to  shear  is  negligible-  This  is  true  for  the  beeas  which  were  icu 
forced  for  shear  with  the  clacp-on  stirrups  because  the  stirrups  pcestressed 
the  boas  vertically  in  the  cuter-thirds  of  the  bean.  With  the  cracking  due 
to  sheer  thus  inhibited,  the  bears  acted  no  if  they  were  subjected  to  pure 
ffioaent  which  was  conetant  in  the  ceiitral  third  of  the  bear  open  and  varied 
linearly  frao  maadmia  to  aero  in  the  outer  third?. 

Hcwmp,  the  beans  whicn  wore  reinforced  for  shear  with  conventional 
type  stimpe  showed  extensive  shear  cracking  in  the  outer  thirds  of  the  beau 
span.  This  is  dm  to  the  fact  that  the  oonorete  suot  crack  before  the 
•tirrupe  can  becom  effective.  In  most  cates  the  orocking  in  the  outer 
third*  dm  to  o oabined  shear  and  ucaent  vaa  ae  extensive  as  the  cracking  in 
the  central  third  of  the  beasts.  Therefor# , for  calculation  of  the  deflections 
of  the  bean*  reinforced  in  shear  with  conventional  stirrups,  the  effective 
orois  eeotion  which  theoretically  existed  in  the  central  third  of  the  be  a* 
vaa  asnsed  to  act  throughout  the  entire  length  of  Ihe  been*  If  this  assump- 
tion is  made  the  distribution  of  curvature  correaportda  to  the  distribution 
of  *c**nt  at  naxj.M~.ji  load-carrying  oapedty  as  abovn  below. 


for  the  above  distribution  of  curvature  along  a bean  loaded  at  the  third 
points,  the  old span  deflection  at  asxlnum  load-carrying  capacity  can  be 
expressed  as  follows; 

^uit  = ffe  1,2  «at 


(26) 


B. 
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REINFORCED  Hi  TZK3I0N  AHD  COMPRESSION 


13 . At  Yield  Point 

As  In  the  case  of  'beams  reinforced  in  tension  only,  the  load  and 
deformation  at  the  yield  jjoint  of  beams  reinforced  in  both  tension  end 
compression  can  be  determined  satisfactorily  by  uss  of  the  conventional 
■straight-line"  theory*  However,  if  • nor*  precise  calculation  is  desired, 
e concrete  stress  block  similar  to  that  shown  in  Pig*  2 aey  be  employed^ 

If  s linear  stress-strain  distribution  in  the  concrete  is  assumed 
as  shown  in  the  aketoh  below,  the  yield-point  moment  and  deformations  for 
beams  reinforced  in  tension  and  ccopreesion  and  failing  by  yielding  of  the 
reinforcement  con  be  computed  ea  follows i 


Transformed  Area 


Street?  Distribution 


From  the  properties  of  tne  transformed  section? 


32  4 


and 


bd 


(29) 


end 


p = w 


Fran  static e,  f ~ 


__£y__ 


(30) 


(31) 


and,  frora  gaoMtrjt 


r,  =[*4^]: 


(32) 


Tb*  aomnt  aotiag  on  th*  beta  vtan  tlx*  t*nslon  reinforc*»*nt  i»*tr*«*ed  to 
th*  yi*ld  point,  f_»  iai 


*y  = if^.a2^  . f\*  tMi'f. 


(33) 


Th*  aonent  of  inertia  of  th*  **etlon,  transfora*d  to  concrete  is* 


ly  = --L~“  t pibd3  (1  - k')2  + p?(a  - l)bd3  jk»  + k"  - l]' 


(30 


end  the  curvature  of  the  bean  due  to  noraert  iai 


33. 


Since  the  id  - (g  curve  is  approximately  n straight  line  up  to 
yielding  of  the  tension  reinforcement  end  the  diagonal  tenoion  creeks  ore 
negligible*  the  distribution  of  exirvaturn  along  the  been  is  the  oeze  as 
that-  for  moment*  Therefore,  the  yield  point  deflection  at  nidspsn  of  a 
bean  with  third-point  loading  isi 


(36) 


where  2;  4®  ■&*  the  beam. 


t 


I 


14.  it  Maximum  Load-Carrying  Capacity 

The  loed  and  deformation  at  maxima  load-carrying  capacity  can 
be  determined  by  the  uae  of  an  ultimate  theory,  derived  in  the  following 
paragraphs.  In  thia  theory,  which  la  a modification  of  the  theory  timed  for 
beams  reinforced  in  tension  only,  It  ia  neceeaary  to  assume  a stress  block 
in  the  concrete  vhioh  Is  represented  by  three  parameters,  k^V  fcj,  k^»  *■ 
shown  in  Fig.  2,  and  the  stress  in  the  compression  steel  to  be  at  tha  yield 
point.  The  theory,  presented  in  the  following  paragraphs,  assumes  that 
the  compression  steel  has  yielded  at  the  maximum  load  and  that  It  buckled 


Strain  Relation 


Stress  Relation 


(g  ) KasAirna  Mozeui  Tr, « waxitAun  fle:-:urGl  losd-cerrying  cspeoity 


can  be  computed  S3  follows: 
Frcn  atfttiooi 


k^ftba  + f^p'bd  = pt<l£s 


(37) 


and 


par  - p»df» 

*»x  = klV«t,(a-ll2,)  ♦ y*2** 


(37a) 


OB) 


By  fttbeiltutlag  the  value  of  4 froa  lq.  (37a)  into  £q»  OB) » W 
obtained  at  follavat 


>u 


* M\*.  - p>f^  1 - ^ 


(33*0 


The  ucdra  flexural  capacity  of  a beta  oaa  be  ieteniaal,  by 

era  known.  la  la  tia  coapotatlona 
of  the  aaxterai  flexural  oapaoity  of  beam  reinforced  la  teaaioi  only, 


3 q,  C3Ba)  if  f^  aad  the  quantity 


la  iinwd  to  be  0*5*  Th*  Telus  of  f may  be  at  the  yield  point*  abor«, 
or  belov  It,  depending  on  the  properties  of  the  beaa.  Xrjreaeioae  for  f 
are  derived  subsequently. 

(b)  ftyHgrra  Mosent  PcforastioBs  The  deforuatione  corresponding 
to  the  aeudmaa  ^ozout  can  be  computed  employing  the  aans  principals  uwd  in 
the  computation  of  the  deforaatlocB  of  the  bs&ss  rsdnforced  ia  tension  only* 


35  * 


For  these  computations  e-M  is  eaaicc-d  tz-  bo  independent  o£  f c srd  equal  to 
0.004* 

From  the  strain  relations 


(39) 


The  strain  in  the  tension  reinforcement  nay  be  computed  as 

follows* 


e.* 


(40) 


while  frt*  the  strata  relational 


(41) 


Frc»  Sq*.  (40)  tal  (41)  e 


r C £ 

a 


*1*3*0 

pffl  - 


- i 


(45) 


The  values  of  k,k^  w#  obtained  from  equation  (14). 

It  ^ ■&**  expression  for  f3  are  known*  the  steel  strata* 

c.fl*  can  be  determined*  and  the  curvature  of  the  beam  at  the  location  of 

maxima  moment  can  be  computed.  The  expressions  for  f are  derived  in  the 

J 

relieving  section. 


(o ) flaternlnntlon  of  tbs  StresB  rn  Tonalon  FvSjnforctv.e 


nt  y.t 

r i 

Maximum  Moment  ■ With  the  assumption  that  the  beam  reaches  its  aasinixtn 
flexural  capacity  vhen  the  concrete  crushes*  the  e tress  at  maximum  moment 
can  bs  competed  if  the  ultimate  concrete  strain*  eu*  in  the  t^p  of  the 
bean*  the  values  of  eud  the  stress-strain  relationship  for  tts  steel 

are  krovu*  The  ultimate  concrete  strain#  u * is  aamasd  to  be  0.004  j 

-S 

^1^3  *,B  003f*r^  ^rc®  &!•  (14)  | and  the  stress-strain  relationship  for  the 
rteel  is  determined  by  coupon  test  or  from  an  idealised  stress-strain 
curve  as  shown  in  fig#  1. 

Solving  £qs.  (40)  and  (41)  for  ft 
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then  solving  Iq.  (43)  and  Sq,  (16)  for  f t 
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If  the  Btroas  In  the  tension  reinVcrca^mt  1b  awvo  t’is  yield 
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than  iolving  Eq,  (43)  tad  Sq,  (l*a)  for  f * 
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Tba  reatlnlag  cite  if  for  th*  itrttf  in  the  tasaion  r*  inf  area - 
a*nt  at  thf  yi»ld  point,  f*r  irtdvJtt 

f s £ 

• r (ao) 

la  order  tfi  iftamin*  vhrUitr  tt*  stress  la  th»  tension  rein- 
farc«a#jit  Is  sbtrs,  ct,  rr?  bel**  in*  yield  point,  the  critical  valtiff  of 

pfy  - p*£». 

q'  B “^TT ^ correapondiag  to  c.  ?■  c.  nd  t = crt  must  be  known. 

c ■*  3 3 ° 

Tbfse  i^qr  he  computed  as  follows* 

pf  - p«f ' 

Solving  Eos,  (40)  Jid  (41)  for  — f 
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At  both  Cm 


c and  cQ  ~ cQt  = fy»  srd  thus  t 
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The  upper  oritloal  value  of  ia  designated  as  q^,*  It 
establishes  the  boundary  between  initial  failure  of  the  beau  by  croaking 
of  the  concrete  tad  by  yielding  of  the  reinforceaent.  Tor  q<  q»  > 
failure  ocoure  initially  by  crashing  of  the  concrete  wblle  the  relaforcc- 
aeat  Is  still  stressed  below  the  yield  point)  that  is*  fg  f^«  The  strain 
ia  the  tension  reinforcement,  c.  » at  the  limiting  condition  for  yield 
failures  Is  equal  to  c^»  Subetltfttlaf  this  value  In  Xq»  (47)  Is 
ebtained  as  fellevst 


(4«) 


Tfce  lower  oritloal  value  of  marking  the  boundary  tstveen 

£§  » ty  and  f§  fy  at  i lure,  is  designated  as  q^.  fhe  strain  lm  the 

tension  reinfercesant  for  this  limiting  cate  ia  e,  : c • Substituting 

8 0 

thie  talus  in  Xq.  (47)  q : is  obtained  as  follows i 


fd)  ZXfUA-J-valio'j  of  iUdonan  Deflsotl&p  &t  v^xlrjin  ron-.-At  The  nidgpan 
deflection  01  a beam  can  H computed  if  the  relation  tsitfeen  ao^nt  end 
ourrstur*?  is  fenevn.  All  the  «ans  reinforced  in  comuressicrA  had  conventional 
■tirrup#  sp  ahear  reiaf  oreevrcnt.  therefore*  the  cracking  due  to  cheer  was 
^rtosuive  for  the  saae  reasons  stated  in  the  case  of  beens  reinforced  in 
tengion  only  and  reinforced  for  ahetr  by  conventional  etirrape*  Sitce  the 
betas  were  ertenirely  orsekad  in  the  enter  thirds  of  the  beta  epen  at  the 
atriaae  load,  the  distribution  ef  our*atme  along  the  be  are  ie  teraaed  to 
ccrrespeafl  to  the  dietribntion  of  aoaeat  at  the  aaxima  loed-carrying  cap- 
acity of  the  beta  ee  shown  below i 


<r- — 1 1 

for  the  above  dirtrtbotiea  ef  oamtwe  along  e beta  loaded  at 
the  third  points,  the  aidapen  deflection  at  mta±r*  letd-oarrying  oepeolty 
eaa  be  ccapoted  ea  follow# i 

A^t  = isL2^  (5°) 

15.  gaatry  of_.gquetiong 

The  fallowing  efiuntimis*  vhioh  were  derived  in  the  preceding 
eeotloit*  be  need  to  eoapotc  the  critical  quantities  for  the  detera- 
ination  of  the  load-defleotien  curves  or  the  nownt-rotation  carves  for 


3?eicicrced  concret.3  t-seefcs 


Boei&s  reiDfoxeed  in  tension  only* 


far  bam  1a  vtloh  tba  aba  ax  oraeklif  via  laMbHtdi 
for  bam  in  vblch  tha  ahaar  oraeblag  vas  cot  irhibitadi 

Allt  = is  I’.t  l2 

Bam  reinf  oread  in  tension  and  coxprasaloiu 
O 4fok'4Zls|l  - |H* 
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it 


(All  btuj  Mthlbdud  artantin  abaar  craokia*) 


Tha  quatltlto  vhioh  ar*  •iMstlal  la  tha  dataraiaatloa  o f tbo 
abort  qaaatltiaa  eaa  bo  obtaiaad  froa  tha  follovla** 

Bam  rolaforcad  ia  tactic*  oalyi 
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if  q4P>q*>qj 
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If  q'<qj 
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follows  I 


The  values  of  k^* 


cad  cQ  vsrc  obtclaod  sapdrleilly  is 


c„  = 0,004  (fig.  18) 


e 


0,5 


*1*3  “ 0,625  + f/- 1500 


(Fig.  19) 


(14) 


44. 


VIJxx&T  KZ5ULTS 

16 . Measured  and  Derived  Quantities 

The  following  aeaaironeiita  krm  recorded  after  the  application 
of  each  ircri^ent  of  load  or  deformations  the  maximum  loed  attained 
during  the  application  of  the  increment*  the  deflection  along  the  hew* 
the  strains  in  the  concrete  and  in  the  reinforcement;  and  the  load  the  tee* 
vas  carrying  after  all  meaiurement)  had  bean  tslcn.  In  addition  to  theee 
measurements*  the  oraok  pattern  vas  mar  ha  A after  aach  increment  * a running 
log  of  any  significant  change  In  the  behavtdr  of  the  teat  vaa  kept*  tad  a 
centinmoua  phetegraphie  record  vat  mads  ef  the  beau  during  testing. 

Auxiliary  testa  vert  made  te  determine  the  con  crate  streagth  and 
the  itraiMtili  characteristics  ef  the  reinforcement*  The  concrete 

vas  determined  fren  three  eemarete  cylinders  east  from  each  Wteh 
ef  came  rate,  and  the  stress-strain  sharaeterieties  ef  the  rUel  more 
determined  frWa  tension  canpon  taken  from  each  her  need  in  the  fabri- 
cation ef  the  beams*  Theta  teata  art  da  jcrlbed  in  Section  5* 

The  following  quantitioa  vara  derived  from  the  measured  quantltiaas 
maximum  moment  attained  during  an  lnorsmanv  ef  lend  or  deformation*  and  the 
ratio  of  that  moment  to  the  majdjmtaa  moment  carried  by  the  beam)  angle 
ohange  in  the  region  of  pure  flevnre*  from  the  measured  concrete  and  steel 
etrainij  stre-sa  in  the  re infer cenent*  tvem  meaeured  etraina  and  the  atreaa- 
eh*r.*,c**rletlee  obtained  froc  coupon  testej  and  the  dafleetioa  of 
the  central  portion  of  the  bean  due  to  pore  flexure,  obtained  by  aubtioct^ 
ing  the  third-point  deflection  from  the  midspen  deflsotion# 

The  veasurcl  and  derived  quantitiafl  are  preeantsd  grajhlcsHy 
in  'che  tr.guvcB  of  the  appendix?  The  figures  5 ; the  appendix  contain  the 
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following  plots  foi.-  each  been  testeds  applied  load  vt»  tent ion  ah-ee-1 
strain  at  nidsponf  applied  load  vs.  concrete  strain  on  top  of  beta  at-  cid- 
apan;  applied  load  vs.  nidspan  deflection;  applied  load  vs.  load-point 
deflection;  deflection  along  the  beans  at  various  stages  during  testing; 
rstio  of  applied  nonent  to  Daxinua  cosent  attained  during  test  ve»  angle 
change  at  nidspan;  ratio  of  applied  coaent  to  ttaximm  coaent  attained  dur- 
ing teat  ve.  deflection  of  aidspem  vita  respect  to  load-point;  ratio  of 
applied  load  to  aaxlnua  load  attained  in  tert  v&.  aidspem  deflaotlonj  and 
ratio  applied  load  to  majdJWB.  load  attained  in  test  vs.  load-point  deflection# 

17.  flea a aMallai 

(a)  Initial  Tendon  tAiat  3»  vhich  failed  initially 

in  tension  exhibited  large  defleotiona  batvsen  the  yield  load  and  the  load 
eras  inf  collspas,  is  shsra  by  tba  lotd-daflaotion  ourves  in  the  appendix. 

The  relative  wfnitndea  of  theta  defleotiona  are  dependant  upon  the  pers- 
aetar  £ for  beixj  reinforced  iu  tension  only,  aa  ean  ba  aaen  in  fig.  20. 

Tba  foil  caring  its  gee  were  obaarvad  during  the  loading  to  oollapaa 
of  betai  reinforced  in  tanaion  only i The  concrete  cracked  in  tension  under 
t relatively  nail  load;  aa  the  lead  vs*  increased  the  tension  rs  inf  crop  - 
cent  yieldedj  then  the  bean  underwent  a relatively  large  defleotioh  with 
little  further  increase  in  load.  When  the  concrete  in  the  coepression 
tone  reached  it*  Uniting  strain,  the  naxJrrtc  load -carrying  espeoity  of  the 
tea*  was  reached  and  compression  failure  ocourred. 

In  a beam  reinforced  in  tension  only,  th*  distance  down  from  the 
top  of  the  bran  over  tfhlch  oruahing  occurred  was  dependent  upon  the 
relative  nagnitude  of  the  tensile  force  and  the  concrete  strength.  This 


ratio  is  test  represented  by  the  quantity  Q “ * Vhen  ib©  ueptb  of 

c 

initial  cenpres&ion  £-'»ilurs  Ip  ssall  oosparad  to  the  depth  of  the  osum, 


there  is  gratae  concrete  reaeining  after  initial  failure  to  carry  the 
compreaeive  force  that  existed  ct  maximum  load.  However,  the  lever  era 
between  the  tensile  and  compraiaive  forces  is  reduced.  Consequently  the 
load-carrying  capacity  ia  lowered  and  it  coniinueB  to  decreaae  ec  tbs 
conpretilen  failure  progrease*  don  through  the  depth  of  the  bets*  Co  the 
other  hind*  if  the  depth  of  inlti.il  ootsjro  salon  failure  la  large,  the 
remaining  concrote  in  the  ca«ize§aion  lore  nay  be  able  to  carry  only  a 
smell  portion  of  the  ccmpreaaive  force  that  existed  at  maximum  load.  Con- 
sequently, the  load-carrying  capacity  drops  to  a very  nail  fraction  of 
that  at  maxim  load  at  aeon  a*  the  concrete  crashes.  The  above  dis- 
cussion thars  that  3 la  a major  fsotor  In  the  determination  of  the  rate 
of  drop  in  the  icnd-carr/Isg  capacity  once  the  maximum  loed-ctrryimg 
ospeolty  is  reached.  This  is  also  shovn  in  fig*  20  where  the  rate  of 
drop  in  the  load-carrying  capacity,  in  peroent  of  the  naxlra  load 
attained,  la  teen  to  vary  with  the  /ninforoing  index  q. 

Until  the  tension  steel  yielie,  beers  which  are  reinforced  in 
both  tension  and  compression  exhibit  much  the  sane  behavior  as  the  beans 
reinforced  in  tension  only.  The  behavior  after  crushing  of  the  concrete 
depends  largely  upon  the  amount  of  compression  -.reiiif  or  tenant  and  the 
effectiveness  of  the  ties.  If  the  compression  reinforcement  is  not  tied 
or  is  poorly  tied  It  will  buckle  as  soon  as  the  concrete  crushes.  However, 
if  the  tier,  are  effective,  they  will  inhibit  the  buckling  of  the  comp- 
ression steel  after  the  concrete  fc."s  clashed,  Bffsctire  ties  also  force 
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thy  c oppression.  reinforcing  bars  to  buo'k'le  ice  ally  between  the  ties  vhich 
enables  the  be^ai  to  exhibit  a mu-h  attre  ductile  failure  than  it’  the  ccaj>* 
rescton  reinforcement  buckles  over  a long  length  as  in  the  oae^  of  in- 
effective ties. 

Figure  21  above  the  inflTjec.ee  of  effective  and  ineffective  ties 
on  the  load  deflection  curves,  The  beams  ehosan  for  comparison  had  compar- 
able oonorete  strengths  and  idsntioal  reinforcement  except  for  tha  method 
of  tying  the  oompreiaion  reinforcement, 

it  discussed  in  Chapter  IT*  the  magnitude  of  the  strain  in  the 
tension  reinforcement  at  the  majdxum  load-carrying  capacity  is  dependent 
npen  the  parameter  q for  the  beams  reinforced  in  tension  only  end  q»  for 
the  baas  re  inf  arced  in  tension  and  compassion*  If  the  strain  in  the 
tansies  reinfeercenent  at  the  maxim  loed-oarrying  eapaolV  of  a beam  is 
beyond  the  yield  rang*  there  will  be  a larger  percent  ef  increase  in  the 
lead-earryiag  eapaelty  between  the  yield  and  maxim  leads  than  if  the 
•trains  in  the  tension  reinforcement  at  failure  are  within  the  yield  range* 
Ba&a  which  r 'e  re  inf  creed  in  Passion  and  eempression  deflect 

£ 

much  more  before  there  is  a substantial  leu  of  lead-earrying  oapacity  than 
a comparable  bean  reinforced  in  tension  only*  This  la  due  mainly  to  the 
much  larger  strains  in  the  tension  reinforcement  obtainable  In  beams  rein- 
forced in  both  tension  and  coaproaiion,  Figaro  22  illustrates  tin  relative 
magnitudes  of  the  e trains  that  were  attained  in  the  tension  reinforcement- 
of  compernble  beane  - one  with  and  one  without  ocapresBioa  reinforcoment* 
These  beans  had  comparable  concrete  atrength#  and  identical  percentages  of 
tension  reinforcement, 

(b)  Initial  Qoapreeaion  Fall\ya  TMe  discussion  is  concerted 
■rith  beans  reinforced  in  tension  only  because  in  theca  teats  conpraesioxi 


failures  vare  observed  only  in  beans  without  compression  reinforcement. 

In  ordtsr  Tor  a beam  to  fail  initially  in  conpr^ciion  etnorsuLlly 
high  percentages  cf  tension  rsinforceaent  ere  required.  An  o*er-rein- 
foresd  beta  is  on*  in  vhich  the  concrat©  in  the  compression  sone  fails  be- 
fore tha  tension  atoel  reaches  its  yield  poJ  it*  This  node  of  failure, 
exemplified  by  ban  Till,  shove  little  if  any  ductility*  As  the  bean  ie 
daflactod,  the  concrete  in  tha  tessioa  tote  era oka,  than  with  a relatively 
snail  additional  dcfleotion.  tha  concrete  it  tha  cotpreiaiou  *on#  crushes* 
Sinoa  a rather  larfa  tonsil*  feroa  if  required  to  oauaa  a ban  to  fail  it 
this  aataar*  tie  4*/si  of  eaacrata  involved  it  tha  initial  ssspreiiloa 
failvr*  if  larfa  * tapered  ta  tha  depth  af  tha  ban)  tha ra fora,  tha  lead 
•arryisf  asperity  after  a cotpreadti  fdlire  la  oily  a nail  parentage 
af  tha  mrrlTO  load-etrryitg  capacity . Tba  load  daflaetian  atm  af  ban 
Till,  fif , I ef  tha  appendix,  thaw*  thla  abrupt  drop-off  it  tha  lotd- 
ecrryltf  aapaoity  aftar  tha  urine  leed  ia  attained  It  at  ovar-reitforoed 
ban* 

Aa  ahevt  la  fi|.  23,  the  load-carrying  capaoity  of  a ban  falling 
imltially  ia  eetpresdet  la  dapatdsat  mpat  tha  eoseret©  atrenfth>  0*  tha 
•thar  hatd,  tha  narlra  load -carrying  capaoity  cf  a ben  failing  it  tendon 
is  littla  effected  by  the  concrete  strength. 

(e)  Balaacad  failure  A balanced  failure  ia  one  in  which  tha 
tendon  reiaforceaent  yields  at  the  taa*  instant  that  the  ooncrate  crushes* 
The  load -deflection  characteristics  of  bean*  which  fail  in  this  tanner  are 
very  sisdlsr  to  those  of  beams  vith  cotyreiision  failure*  It  is  believed 
that  the  failures  of  beats  T4fi  and  T5H  are  representative  of  this  typ& 

Id  lure* 


(d)  ftreaoture  Shear  Pail^re  k e stated  previously,  no  sheer 


reinforcement  was  provided  in  ber.’.B  TiHb,  T2Ka,  T2Mb  and  T2Ho  because  'the 
shear  requirements  of  A*G*I*  318-51  for  beaae  without  shear  reinforctment 
were  satisfied.  Beans  I2Ma  end  T2hb  were  reinforced  in  tension  with 
straight  deformed  bars*  bean  T2Ha  with  hooked  deforced  bars,  and  been  TIHb 
with,  hooked  plain,  hers. 

Beane  T2Ma,  T2Hb,  and  T2>fc  felled  in  shear  where  a#  TIHb  failed 
in  flerure  with  a eeeondery  failure  in  bond  in  the  middle  third  of  the 
beam  apes.  looking  the  bare  In  T2Hb  did  not  prevent  the  shear  failure* 

Table  6 {lm  data  and  compariiona  for  the  beams  falling  In  shear  and  Fig* 

24  show*  rae  rieva  of  thee*  beau  after  failure’* 

la.  that  the  ebjeet  ef  thla  phase  ef  the  ImTestigetlom  vu  to 
determine  the  leed-defermettea  ofcaraoterietlQi  ef  beau  faillig  im  flexure 
me  farther  stadiea  were  sale  ef  the  {Iwumu  ef  ahear  failures* 

U.  Iffaei  ef  Tarleblai 

(e)  Qomerete  Btremith  The  effeet  ef  the  eomerete  etremgth  am 
the  maxima  leed-eirryiag  oapaoity  ie  negligible  far  beams  falling  initially 
in  teaeiom.  Thla  le  illustrated  by  a c cm  perl  aw.  ef  the  maximum  moments  re- 
sisted by  beams  TILb  and  TlMi*  Beam  Tllh  with  ft  ■ 2520  sad  p i 0*62 
resisted  20*17  ft. -hips,  and  beam  TU6a  with  f * ■ 4600  and  p ■ 0*62  restated 
19*51  ft.-hlpe.  Eevarar,  the  oaaaFate  strength  has  a such  gretter  offset 
on  the  minimum  load-carrying  eapeoity  ef  beams  which  fail  initially  in 
com  proa  lion*  The  loid-defleotion  curraa  of  beams  T5fl  and  illL  in.  Fig*  23 
illustrate  this* 

Tht  concrete  etraugth  had  little  if  any  consistent  affect  upon, 
the  defleotlon  at  the  asxisua  load-carrying  napaeity  because  the  ultimate 


concrete  strain  ia  relatively  independent  ef  the  concrete  strength*  This 
13  shown  in  TU*  13  in  which  the  'jltinaie  concrete  strain  ia  plotted  against 
the  concrete  strength.  ilthough  there  is  saw  scatter*  there  is  no  trend 
•with  concrete  strength  end  e value  of  0#C<U.  Is  a reasonably  good  average 
for  the  ultimate  concrete  strain* 

Is  shown  in  Fig.  19»  tha  faster  w^ioh  is  related  to  shape  of 
the  strssi  Meet  is  dependant  upon  the  concrete  strength*  The  exact  re- 
lationship is  unknown  but  the  eupirieel  ourre  given  in  Fig.  19  yields  values 
of  are  in  fair  ■ peewit  with  the  values  found  in  this  and  In 

mother  Investigation  in  this  laboratory*  By  using  the  valoos  of  k^kj 
iota  ruined  by  this  equation*  ultimate  deflections  osn  be  computed  which 
agree  with  the  test  results*  Severer*  the  curve  it  not  soourstely  defined 
in  the  re  glen  ef  lev  concrete  strengths*  the  empirical  curve  la  net  in- 
tended te  he  used  fer  concrete  strengths  below  2000  pel*  sad  further  la- 
ve» tip  ti  on  is  needed  tomtabllsh  the  relation  botvoti  k^k^  and  concrete 
strength  ia  this  region* 

<*)  Hr  a antes#  of  Tension  XUftfMiwfr,-  In  these  tests*  the 
Magnitude  of  the  tensile  re vl stance  ef  the  boms  wee  varied  chiefly  by 
employing  different  percentages  of  reinforcement)  however*  flLhcr  vari- 
ations were  produced  by  the  differences  in  the  yield  strengths  of  the  rein- 
foroing  bars*  Slues  the  aaxira  lead-carrying  oapaoity  of  betas  which  fail 
Initially  in  tension  ia  dependent  on  the  tensile  reelstance  of  the  steel* 
it  viried  jslsarlly  with  the  percentege  of  tensile  reinforoment*  This  can 
be  seen  in  Fig*  25,  in  w^ioh  tic  plots  of  load  vs.  deflection  of  bosas  with 
apprexirately  equal  concrete  strjiigtftJi  end  vsryiug  percentageu  of  tension 
reinforcement  are  presented. 
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Cn  the  other  Lend*  the  tensile  resistance  of  the  steel  ie  not  a 
critical  factor  in  the  determination  of  the  naxinrun  lead-carrying  capacity 
of  beans  which  fail  initially  in  oospreasieu. 

(c)  flolnforelag  Index-  For  beajjs  reinforced  in  tension  only  the 

T 

reinforcing  index  is  q = ^7%  and  for  beans  reinforced  in  tension  and  coaiv 

?fy  " P^f ' 

tension  It  is  q*  ~ - " 1 In  be"??"  with  tension  reinforcement  only, 

c 

the  parameter  q was  found  to  be  the  controlling  facto?  in  determining  the 
shape  of  the  loecWef lection  curve  efter  the  yield  load  was  attained*.  Speo- 
iwae  with  low  Ttlttes  of  q exhibited  e duo  tile  failure*  that  ia,  they  were 
able  to  undergo  large  deformationa  at  relatively  constant  high  leeda  be- 
fore the  maxim  load  vat  attained  aid  the  dropwjff  in  the  loed-oarrydxg 
oapaolty  via  very  gradual  bey  old  the  madam*  Cm  the  ether  hand,  these 
with  high  tiImi  of  3 exhibited  a brittle  failure*  thit  la,  they  were  able 
to  Oder  go  little  daflaotloi  before  the  maxima  load  vac  at  tailed  aid  the 
drop-off  li  loed-earryiag  oapaolty  vaa  abrupt  beyond  the  maxim*  The 
apaolmema  with  intermediate  valtma  of  g had  lead  deformation  character- 
latlea  between  the  two  extremes  deiiorlbed  a bare.  The  load-4eformatdon 
eharaotorlatlea  of  beami  with  rarloua  values  of  % aro  then  li  W|.  20  ii 
which  the  load-ratio  la  plotted  agaliat  sldipan  defleotlom  far  beams  with 
different  yaltma  of  q*  It  oen  be  ee«n  from  this  figure  that  3 aot  only 
has  a definite  effeet  on  the  deflection  et  the  vaxdxum  loid-carryimg  eap- 
■city,  bat  also  en  the  overall  shape  of  the  load  uofleotion  curve , 

In  tho  beans  provided  with  oospreieien  reinforcement,  the  effect 
of  q1  cm  the  ehape  of  the  loacUdefleetion  eurro  la  jerV.elly  aaebed  by  the 
added  ductility  produced  by  the  effectiveness  of  tho  eemnreaaion  reinforce- 

) 

moat  tie*.  levevtr*  the  j.osd-ratio  vs.  deflection  plots  of  beams  G2ni* 
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and  C6xs  in  Fig.  26  e'.i^g^ac  that,  for  beans  having  the  ccspa-tBSicn 
svaoI  tied  in  the  ear-e  manner,  the  shape  cf  the  loud-4e£ieoticn  curvfj  be- 
yond yielding  ifl  dependent  to  aona  decree  on  tht  por&iaeter  q*.  Hove/er, 
o nora  oo2prch?njive  study  is  needed  before  this  can  bo  definitely  stated. 

(d)  Ccmjr&  galon  Reinforcement  < la  a genera]  rule,  the  addition 
of  a nominal  mount  of  oooproswion  reinforcement  sakes  it  almost  impossible 
to  deaign  • reot«Egular  beam  that  will  fail  initially  in  coapreeeion  be- 
cause of  the  excel ai re  amount  of  tension  reinforcement  th«t  would  be  re- 
quired. However,  no  teeta  hare  bee*  nade  in  this  investigation  to  validate 
this  statement. 

The  addition  of  compression  reinforcement  did  not  appreciably 
inoraase  tka  rneadra  load-carrying  capseivy  of  a bean  which  would  have 
failed  initially  in  tension  without  the  compression  rteel*  provided  the' he 
tea  si  on  re  Infers  me  rt  was  not  strained  into  the  work  herdenlag  reiiom  in 
either  fSN»  This  Is  shown  by  ocmptrlscn*  ef  the  mart  nr  loed-carrying 
e ape  cities  ef  heme  Tllh*  C2w  and  32m,  which  were  40*7  ki^*ft.,  41*7  kip^ft,, 
44,1  ki^ft.,  respectively.  The  tension  relnforcene&t  of  02w  and  02a  m 
•trained  Into  work  hardening  but  sot  to  a narked  degree.  However*  if  a 
beam  would  here  failed  initially  in  compression  without  compression  rtin- 
ferosnent*  the  addition  of  enough  ceojrcsJSieT*  reinforcement  to  jreveit 
Initial  cam  pres  el  on  failure  would  foroe  the  beam  to  fall  initially  In 
tension  and  thereby  raise  the  aexinu-  load-carrying  oapeoity, 

is  shewn  in  Tig.  27*  the  addition  of  effectively  tied  compression 
reinforcement  enabled  bean  Cha  to  carry  a load  near  the  nwtieua  with  larger 
defleotiona  than  the  conpe.jble  bean  TISa  reinforced  in  tenaion  only.  The 
addition  of  compression  reinforcement  strengthens  the  compreeiion  aone  and 
thus  raises  the  neutral  axis.  This  enables  a larger  angle  change  to  take 


place  bafora  the  Generate  crush**:,  ana  thereby  Increases  the  deflection 
through  which  the  been  can  carry  near  caxinv'S  loado. 

(a)  Mcthc-d  of  Tying  ConrreBaion  Relrfcrceaent  In  order  for 
the  compression  reinforcement  to  add  the  greatest  amount  of  ductility  to 
a beam  it  must  be  effectively  tiedj  that  io,  the  ties  oust  be  strong  enough 
to  force  the  here  of  the  compression  r einforcement  to  buckle  locally  in- 
stead of  over  a long  length*  figure  23  shows  photographs  of  Sffcotive  and 
ineffective  tie*  aTier  bean  failure.  The  tier>  of  beaa  C2xn  shown  in  Pig* 
28a  were  effeotire  and  forced  the  coapre talon  steel  to  buokle  locally, 
whereas  tim»  ties  of  C3xs  shown  in  Pig*  23b  were  not  effective* 

ictualiy,  the  ties  do  not  com  into  play  until  after  the  concrece 
baa  crushed | consequently,  the  tiea  affect  the  ahape  of  the  load-defleotlon 
ourve  only  after  the  nanism  lood-carryisg  capacity  haa  bean  reached*  This 
can  be  seen  in  Pig*  21  in  which  the  load-ratio  vs*  the  lldepen  deflection 
It  platted  for  comparable  beans* 

The  two  aethodi  of  tying  the  compression  ruiaferoesent  are 
illustrated  in  Pig*  4*  In  this  series  of  tests,  method  3 of  fabricating 
the  ties  was  superior  to  Mthod  §»  Sines  ties  fabricated  by  arched  3 were 
■sobered  is  the  tension  tone,  the  ends  of  the  tie  bare  could  sot  pull  apart 
whan  the  compression  failure  of  the  concrete  occurred*  Those  ties  fit* 
rloated  by  nethod  2 vare  anchored  in  the  compression  iocs  and  could  readily 
p£U  eperb  vSass  the  compression  failure  of  the  concrete  mo  urea  d. 

(?)  T^s-cf_ahetr  Eslnforcensnt  The  conventional  vertical 
stirrups  that  were  employed  in  Boat  of  the  beama  of  this  investigation  were 
act  yff active  until  the  concrete  cracked  end  consequently  could  do  little 
to  prevent  cracking  of  the  concrete.  Therefcio,  even  it  3 b*an  wee  heavily 


reinforced  in  shear  with  conventional  stirrups*  there  would  still  be  cracks 
in  a region  of  high  shoer.  However,  when  the  clen]>*on  t-pe  stirrup?, 
illustrated  in  Fig.  5»^*re  vtiod,  the  bc«an  was  preotrescod  in  a vertical 
direction,  and  the  craoking  due  to  sheer  vss  inhibited  or  in  sense  cases 
even  eliminated.  The  crack  patterns  for  beace  with  conventional  etirrupe 
and  with  clamp-on  etirrupe  are  ehown  in  the  photographs  of  Mg.  29# 

Since  the  conventional  etirrnp*  allowed  the  beam  to  crack  ex- 
tensively in  the  region  eubjeoted  to  ehear,  the  affective  etiffAeii  of 
the  baa»  in  this  region  vae  reduced*  Thie  enabled  the  beam  to  deflect 
•ore  than  if  tha  oraoke  had  not  ferae  d,  «•  in  the  case  of  • ben  with 
c leap-on  ■ ILirup* « 
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The  results  of  the  theoretical  analysis  and  tha  exporiaentol  in- 
vestigation are  compared  in  figures  and  tables  * Although  the  ul  timata  ain 
is  to  develop  nraent-rotaticn  relationships,  most  of  thf>  comparisons  are 
of  roaSurcd  deflections  rather  then  measured  rotations  since  the  deflections 
could  be  determined  sera  accurately. 

Comparisons  of  the  analytical  and  teat  results  have  been  tiadt 
for  the  following  quantities!  tension  reinforcement  stress  at  the  maxima, 
moment*  yield-point  moments*  maxima  moment# * aidspan  deflection  at  the 
yield-point*  end  midspen  defleoti.ou  at  the  maxima  accent.  The  results  are 
given  in  Tables  6*  9a*  9b*  10a*  aad  10b* 

Tbs  thsoretioal  valuea  of  the  stress  in  tbs  tension  reinforcement 
at  tha  maxima  accent*  from  Sqs.  (17)*  (19 )«  or  (20)  for  beama  with  tenaion 
reinforceaent  only  aad  fra  Iqa.  (44) » (45)*  or  (20)  for  beams  with  tenaion 
and  eapreasion  reinforcement*  capare  favorably  vith  the  experimental  re- 
sults* As  show  in  Table  6*  the  ratio  of  tbs  experimental  to  the  theoret- 
ical values  for  teems  reinforced  in  tenaion  only  haa  an  average  of  0.99 
with  a range  of  0.90  to  1.06  and  for  beaan  vith  tension  and  ccapreision 
reinforcement  an  average  of  1*06  vith  « range  of  0.96  to  1.18.  The  tu*uap- 
tlons  involved  in  the  computations  of  the  streee  in  the  tension  reinforce- 
ment ut  the  maxima  moment  are  >s  follows?  the  buIkos  moment  to  be 
retched  when  the  oonorete  crushes,  en  ultimate  concrete  strain  cf  0*004* 
the  empirical  values  of  to  be  valid,  an  idealised  str«as*etrain  curve 
for  the  steel  as  shown  in  ?ig*  1*  and  uho  cocpreesion  steel  to  be  yielded 
at  the  maximum  ncmentt- 


Th*  thoorohicGi  values  of  the  yield-point  memento*  frcn  Sq«  (4) 
for  heext,  vith  tension  reinforcement  only  and  from  4q.  (335  for  beans  with 
tension  and  cojoprsr-don  re  Infer cenant.  are  in  reasonably  close  agreement 
vith  tbs  test  smalts.  As  ehovn  in  Table  9a»  the  ratio  of  the  experimental 
to  the  theoretical  values  for  beans  reinforced  in  tension  only  has  an 
average  of  CU97  with  a.  rarge  of  0*82  to  1*05  and  for  beans  reinforced  In 
tension  and  coajression  an  average  of  1*01  with  a range  of  0.97  to  1*08. 

The  a&Jor  assumption  in  thaee  calculations  1»  the  straight  line  distribution 
of  the  strese  in  the  concrete,  is  can  be  aeen  in  Table  9a*  the  beau  with 
high  values  of  q hart  higher  experi»*sat«i  values  of  than  the  theory  gives 
becaue  the  stress  distribution  in  the  concrete  at  the  yield  point  la  no 
loagtr  approximately  linear  in  beau  vhioh  approaoh  a balanced  failure » 
the  theoretical  values  of  the  maxima  mount  capaoity*  from  Sq* 
(9a)  for  beau  reinforced  In  tension  oily  and  froa  Sq.  (36s)  for  beau 
reinforced  in  both  tension  and  compression*  are  1»  good  agreimant  vith  the 
experiuxtal  raluas*  is  shown  in  Tatis  9b*  tha  ratio  of  the  experimental 
te  the  theoretical  values  for  beau  reiaforoed  in  tension  only  hat  an 
average  of  0*99  with  a range  of  0*85  te  1*06  and  for  beau  reinforced  In 
tension  end  compression  an  average  of  1*03  with  a range  of  0.96  to  1*08* 
ill  of  the  aittaptions  made  in  the  calculation  of  the  tension  reinforce- 
ment > trail  plus  B ^*5  ore  made  In  thase  calculations* 

Tha  thaoratioal  valuta  of  tha  nidapen  deflection  at  the  yield 
point*  tem  Sq*  (7)  for  beau  vith  tension  reinforcement  only  end  from  Sq* 
(36)  for  beau  vith  tension  and  compression  reinforcement*  are  coneistently 
lover  than  the  test  rs suits*  The  value  of  tbs  experimental  yield-point 
deflection  is  taken  ea  the  value  at  vhioh  the  deflection  starts  to  increase 
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rapidly  with  little  or  no  iaorocro  in  lord.  As  shown  in  Table  ICa#  tics  reti 
of  the  experimental  to  the  theoretical  vsluas  for  bssae  reinforced  in 
tension  only  has  <sn  average  of  1*22  with  a ran^e  of  1;04  to  1*56  and  for 


o 


D-sana  reinf creed  in  tension  and  compression  in  average  of  1*29  with  a range 
of  1.15  to  1.53*  The  consistently  low  theoretical  values  probably  can  be 
attributed  to  the  values  of  K and  the  assumption  of  linear  ©tress  dist- 
ribution ir  the  concrete  used  in  the  computations.  It  also  mast  be  realized 
that  the  yield  point  deflection  le  difficult  to  ascertain  by  experiment 
since  the  deflection  lnoreeaee  rapidly  vitheut  further  increase  in  load 
one#  the  yield  point  la  rtaobed.  Therefore#  the  measured  value  would  always 
be  larger  thar  the  aotual  value  unlesa  a continuous  record  were  made  with 
an  automatic  device* 

The  theoretical  values  of  tbs  sidapen  deflection  corresponding  to 
the  maxlntm  moment-  oapaoity,  from  Sqa.  (25)  or  (26)  for  beams  with  tension 
reinforcement  only  end  from  £q.  (36)  for  beams  with  tension  and  compression 
reinf orcement,  are  in  fair  Agreement  with  the  teat  results,  is  shown  in 
Table  10b#  the  ratio  of  the  experimental  to  theoretical  values  for  beams 
reinforetd  in  tension  only  has  an  average  of  0.93  with  e range  of  0.76  to 
1,26  and  for  beams  reinforced  in  tension  and  compression  an  average  of 
1.15  with  a range  of  0.76  to  1.77*  The  low  theoretical  value  of  the  de- 
flection of  beam  TILa  oan  probably  be  attributed  to  the  uncertainties  of 
the  concrete  characteristics  in  a beam  with  a very  small  percentage  of  rein- 
forcement j that  is,  it  is  difficult  to  determine  the  properties  of  the  con- 
crete rfhen  only  a very  email  area  ia  involved  in  resioting  the  tension 
force.  The  low  value  of  the  ratio  of  experimental  to  theoretical  values  of 


the  deflection  for  beam  TIMb  i?  mo3t  likely  due  to  a premature  bond  failure 
near  the  maximum  load  since  this  beam  was  reinforced  with  plain  bars.  The 
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high  velues  of  the  ratio  of  experimental  to  theoretical  dot lectiuna  of  the 
bo  ace  reinforced  in  tension  end  compression  ere  probably  due  to  the  effect- 
iveness of  tha  compression  reinforcement  tic*  vbereas  the  iov  value  of  tbs 
ratio  for  oeam  C7v  can  probably  be  attributed  to  ineffectivene.se  of  the 
compression  reinforcement  because  the  large  bars  used  as  compression  rein- 
forcemeat  vs  re  not  tied  in  ary  manner* 

The  theoretical  and  experimental  values  of  the  yield-point  and 
maximum  loads  and  the  corresponding  deflections  have  also  been  compared  by 
plotting  the  theoretical  values  on  the  experimental  load-deflection  curve, 
for  each  beam.  The  theoretical  and  experimental  vuluea  are  in  good  agree- 
ment as  can  be  seen  In  the  plots  presented  in  figs*  1 through  33  of  the 
appendix* 

The  theoretical  and  experimental  valuta  of  the  maxima  moment 
eapeoity  of  the  betas  provided  with  tension  reinforcement  only  are  compared 
in  Figs.  30  and  31.  In  Fig.  30  the  values  of  HBflT(obs )/bd2f<  ve.  q have 
been  plotted,  and  in  Fig.  31  the  values  of  J^^/bd^f^  pf^/f^  hftV® 
plotted.  In  the  computation  of  <|  the  values  of  the  yield  point  stress  of 
the  tension  steel  have  been  used,  vhereae  in  the  computation  of  pf  /ft  the 
values  of  the  tension  steal  stress  computed  from  Eqs.  (17),  (19)  or  (20) 
have  teen  used.  It  can  be  seen  from  Fig.  that  a f Airly  accurate  result 
can  be  obtained  by  using  the  yield  point  stress  in  the  computation  of  the 
aaxininraoment  capacity  of  beams  failing  in  tension  even  if  the  stress  in 
the  tension  reinforcement  is  in  the  work  hardening  region.  However;  e much 
more  accurate  result,  can  be  obtained  in  the  computation  of  the  maximum 
moment  capacity  of  beans  failing  in  tension  if  the  computed  tension  steel 
stress  is  used.  The  latter  method  is  also  applicable  to  beams  failing  in 
compression  vherea3  the  form-er  is  not.. 


'ths  lend —u  o f.l  a c t A o n curves  "iisy  be  ? npfoxAriQtefi.  by  conx^cting 
with  straight  lines  the  points  corresponding  to  zero  lond  and  deflection? 
to  the  yield  load  end  def  lection?  end  to  the  jnaxinm  moment  end  deflection* 
Comparisons  of  the  measured  end  theoretical  load-reflection  curves  are 
presented  in  Figs*  1 Through  33  of  the  appendix. 

Table  10  gives  a comparison  of  the  values  of  the  measured  a td 
computed  "usable  energy**  The  "ueable  energy*  la  the  area  under  the  .load- 
aidapan  dsfleotion  curre  tip  to  the  deflection  given  in  Table  10b  where  the 
load  atarta  dropping  rapidly*  The  agreement  between  the  Measured  and 
tbeoretloal  valuei  le  aa  good  aa  could  be  arpeoted  einct  the  inacouraoieo 
of  the  eommtation*  of  the  uritioal  MMiti  end  defleotlone  are  inherent 
in  the  computed  values  of  the  "usable  energy"*  ilso  the  theoretical  load- 
dafleotion  ourva  la  conpoaed  of  straight  Uaaa  where  a r the  actual  curre  is 
irregular*  Am  shewn  in  Table  11  the  average  ratio  of  tha  experimental  to 
theoretical  raluea  ia  0.88  with  a range  of  0*63  to  1*^7  for  beau  rein- 
forced in  tension  only  and  an  average  of  1*15  with  a range  of  0*40  to  1*64 
for  beaus  relnforcad  In  tension  and  compression* 
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SUHMAEi  0?  IsSSULTS 


FOR  BKAJB  BSHTF03CSD  IS  TENSION  ONU 


TILa  2150  2-3  10.79  54300  0.34  Clamjvon  13.61  Tension 

mb  2520  2-4  10.72  46000  0.62  i@6"  20.17  Tension 

T2Lt  2120  2-5  10.65  4C4G0  0.97  i@4"  24.24  Tension 

T2Xi  2440  2-5  10.65  55400  0.97  Cltt*-cn  29.84  Tension 

T4Ls  2360  2-7  10.51  44100  1.90  Clsnp-«  39.30  Tension 

T4Ub  2810  2-8  10.44  43300  2.52  3/8  ©4*  47.60  Tension 

T5L  2500  2-9  10.37  4Q200  3.22  3/8  @4*  53.97  Tension 

T11L  2900  4-9  9.23  45300  7.22  3/8  @ 2 * 67.56  Cc op. 

TDta  4600  2-4  10.72  46200  0.62  Clsap-on  19.51  Tension 

TIMb  4750  2-6**  10.58  42900  1.33  lone  32.83  Tension 

T2M»  4320  2-6  10.58  47700  l'i38  None  27.69  Shear 

T2Kb  4020  2-6*  19.58  48300  1.38  None  29.31  Sbesr 

T2Mo  4460  2-7  10.51  46800  1.90  lone  37.52  Shesr 

T3Ms  4800  2-9  10.37  41000  3.22  Claap-nn  61,66  Tension 

T3tt>  4110  2-9  10.37  41700  3,22  Claap^on  62.69  Tension 

TlEa  5880  2-6  10.58  44200  1,36  3/8  @3$*  35.10  Tension 

TIHb  5180  2-8  10.58  52200  1,33  Claap-on  40.66  Tension 

T2H  5400  2-8  10.44  45600  2.52  3/8  @3**  53.86  Tension 

T3H  5920  4-7  9.52  43200  4.20  3/6  @2"  67.72  Tension 

T4H  5260  4-8  9,36  42000  5.61  Glanp-on  77.97  Tension 

T5H  5900  4-9  9i23  40600  7.22  3/8  @2*  86,30  Tension 


• Deforced  bars  hocked 

Plain  bnrs  hooked 
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TABLE  HO.  3 

SIEVE  A5AT,TS^1  OF  A&55EOAIES 


SAHD 


lot 

4 

Percent  Pitting  Sieve  Io» 
6 16  30  50 

100 

Plieaost 

Kodulni 

1 

94.3 

82.6 

64.9 

32.1 

7.1 

1V7 

3.17 

J 

93.2 

82.8 

66.0 

37.0 

n.6 

1.2 

3.08 

3 

96.0 

80.6 

64.5 

34.9 

10.4 

2.1 

3.10 

GJUVSL 


Ix>t  Percent  Petting  Siere  lo. 

li  3/4  3/8  4 8 36 

4 


1 

100 

76.7 

37.4 

12.5 

9.1 

7.6 

2 

100 

56.8 

14.1 

4.9 

4.4 

4.1 

3 

100 

76.9 

36.1 

6.7 

2.5 

1.6 
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TABiS  NO.  5 

FR0P.mm3  OF  GQXJK5T2  MIXTURES 


Peas 

Concre  te 
Strength 
psi 

Cenent* 

A««reKate» 

CoiSent 

Sand 

&l<zsp 

in* 

4&e 

CfiJS 

1 

2 

2 

1 

2 

TILa 

is6o 

2150 

0,98 

1.00 

10.80 

2 ♦ Ijk 

6 

2 

67 

TILb 

3550 

254*> 

0.88 

0.90 

10.70 

2.10 

5i 

6 

T2U 

2690 

2130 

1.13 

X*  07 

10.10 

2.15 

2 

z 

59 

T2Lb 

4740 

2440 

1.03 

0.97 

10.30 

2^35 

9 

7 

44 

T4L* 

2910 

2?S0 

0.99 

0.99 

11.0c 

2* 26 

3 

2 

63 

T41»b 

3/20 

2810 

1.02 

1.02 

10.80 

2,28 

It 

1 

61 

T?L 

3720 

2500 

0.86 

0.86 

10.80 

2i  25 

2 

2i 

60 

nu 

3500 

2900 

1.26 

1.24 

7.86 

2.57 

■•s 

1 

57 

TUa 

3$40 

4600 

146 

142 

847 

2.71 

it 

3 

28 

TIKb 

4650 

4720 

1.57 

1.57 

6.71 

2.51 

3 

2 

29 

KK* 

4260 

4360 

1.28 

1.37 

7.44 

2.55 

4 

li 

36 

12Xb 

3660 

4015 

1.45 

1.54 

7*40 

2.50 

6 

5 

34 

T2)fe 

ifflO 

4360 

1.79 

1.79 

6.75 

2*55 

t 

1 

36 

T3* 

4550 

4110 

1.47 

144 

847 

2.68 

It 

2 

70 

*3Hb 

4650 

4940 

145 

142 

7.94 

2.55 

1 

1 

43 

Till 

5880 

5880 

1.89 

1.89 

5*92 

2,60 

3 

2i 

52 

Tlffb 

4540 

5180 

1.65 

1.61 

0.00 

2.53 

1 

It 

43 

I2H 

5590 

5400 

1.95 

1.95 

6.01 

2.52 

3 

2 

40 

T3B 

5790 

5920 

2.15 

2.00 

6.05 

2.51 

zt 

2 

It 

,36 

TAB 

5100 

5260 

1.62 

1.60 

8.00 

2.52 

3 

42 

T5R 

5940 

5900 

1.81 

1.8V 

6.02 

2.51 

2 

2i 

35 

C2v 

41  CO 

3940 

1.32 

1.32 

8.60 

2.64 

2* 

3 

52 

C2s* 

3720 

4070 

1.40 

1.46 

8.58 

2.66 

2 

2 

48 

C3v 

4650 

4310 

1.37 

1.40 

8.60 

2.64 

2i 

3 

54 

0333 

3360 

3890 

1.37 

1.37 

3>50 

2.66 

it 

'2 

48 

C37** 

3530 

3330 

1.26 

1.26 

8.74 

2.52 

3 

l£ 

28 

C 3711b 

4490 

4860 

1.52 

1,52 

6*65 

2.64- 

1 

1 

47 

Cline 

2510 

2450 

0.94 

0.94 

10.60 

2,22 

6 

6 

34 

Clznb 

2000 

2430 

0.92 

0.96 

10.60 

2.23 

6t 

6 

44 

C4?n 

3340 

3570 

1.47 

1.37 

8.60 

2.63 

£ 

4 

43 

C5?n 

4150 

U£0 

1.42 

1.42 

8.60 

2.65 

2 

40 

C6*s 

3400 

3680 

1.32 

1.34 

8.62 

2.65 

6 

*3 

34 

C7v 

3570 

3480 

1.29 

1.29 

8.54 

2.66 

2 

3 

50 

* All  ration  based  on  weight 


T ABIE  NO.  6 


TEST  HSnULTS  0?  E2A1S  FAlIgiQ 
IN  asm 


Bssa.  Pat* 


T 

X2tfc 

Average  conorate  ntrengthj 

6 x 12  in.  cylindera-pei 

4320 

4020 

4A70 

Reinforoing  staeli 

Percent  - p 

1*58 

1*38 

1*90 

Yield  Pointj  fy-pii 

47700 

48300 

46800 

Depth  to  ateelj  £-ln. 

Rainforcing  lndexj  q * yp 

0 

10.58 

10.58 

10.?1 

0.152 

0.166 

0.199 

lad  Anohorege 

Ron# 

Hooks 

I9M 

M frt'ilU 

Ultimate  load  oapaoit/j  P^^ba^-lb, 

17400 

1*450 

23900 

Noaiaal  shear  stress  at  P^^ta)  v-pai* 

198 

204 

223 

As  fraction  of  f’ 

n 

0.036 

0.041 

0.C46 

« V 

v = bjd  '**«' 


V = total  uhear 


TABLE  NO.  7s 


CRITICAL  AND 


ACTUAL 


VAim'S  OF  THE  BEINTGRGIKG  INIGXFCR  UEAyi 


WITH  TENSION  RETHTOROffieST  .CNLf 


Bean 

q 

qor 

% 

Ifcde  of 
Failure 

TILa 

0.09 

1.09 

0,26 

Tension 

TILb 

0.11 

0.86 

0.22 

Tension 

T2Le 

0.18 

1.1? 

0.30 

Tension 

KLb 

0.22 

0.18 

0.27 

Tension 

Tile 

0.35 

0.T7 

0,30 

Tension 

14  Lb 

0.39 

0.79 

0.19 

Te anion 

J5L 

0.52 

0.92 

0.2? 

Tonsion 

TUL* 

1.13 

0.67 

0.24 

Coop. 

TUfc* 

0.06 

0.59 

0.15 

Tension 

jUCbta 

0.12 

0.61 

0.32 

Tennlen 

T2Xa 

0.15 

0.41 

0.16 

Shier 

TZXb 

0.17 

0.62 

0.17 

Shear 

Taste 

0.20 

0.59 

0.26 

Sbiir 

T3?fo 

0.27 

0.58 

0.13 

Tension 

T3*> 

0.33 

0,42 

0,16 

Tension 

TlHa 

0.10 

0.55 

0.14 

Tension 

TUb 

Q.H 

0.55 

C.14 

T#t*oion 

T2K 

0*21 

0.56 

0,17 

Tension 

T3H* 

0.30 

0.49 

0,20 

Tension 

24H* 

0.46 

0,51 

0,19 

Tension 

T53* 

J.50 

0.50 

0.17 

Tension 

* Tvro  leyere  of  tension  reinforcement 
**  Pltiia  bate  for  reinforcement 


TABIfc  HO.  Vt 


CHlTIg.il,  AND  AflTflAE.  YALtSS  OT  TEE  EPTOK5  IHTjZI  FOB,  E2AKS 
WITH  TEKSION  ASP  CAffRSSSIGil  KSSKFORCEigNT 


Beta 

q‘ 

qt 

^03* 

a' 

0 

Hodt  of 
Failure 

C2v 

0.09 

0.63 

0.18 

Tanfloa 

C2m 

0.06 

0.58 

0.18 

Taastcm 

03* 

0.10 

0.62 

O.U 

Tension 

03a 

O.U 

0.63 

0.16 

?*a*ion 

C3yi» 

0.09 

0.71 

0,17 

Tt  asico. 

Cjtynb 

0.09 

0.61 

O.U 

Tenaioa 

OItm 

0.19 

0.93 

0.24 

Tenaion 

C4amb 

0.11 

0,97 

0.23 

te salon 

04  ta 

0,12 

0.66 

0.15 

Tenalta 

C5jn* 

0,26 

0.55 

0.28 

Tension 

C6s»* 

C.33 

0.53 

0.21 

Team  on 

C7v» 

0.32 

0,48 

0.17 

Tension 

* T*e  lajwa  of  ttulfi  p*laforo«*ttt 


TrDI£  SOoS 


CGiPABlSOfl  OF  rJLFERTig-STAX.  AKD  THSCIi&TICAl.  7AIU3S 
0?  STUBS  IN  THE  TgHSIQg  B3m-QWZZ52F£  AT 
HM  MOKSST 


Le 09  with  Tension 
Beinfcroeiaent  Only 


Bsees  with  Tension  end 
Compression  Relnforoenent 


Bin 

Xzp  fheo 

*-r  j : w 

kei 

See 

Theo 

Bean 

Ixp  Tfceo 

kei 

Krp 

Theo 

TIIa 

71.8 

77.7 

0.93 

C2v 

51,3 

53.2 

0.98 

mb 

58.0 

J4.9 

1.02 

C2aa 

68.2 

60.7 

1.12 

ra* 

484 

48.9 

0.99 

03v 

45.1 

44*7 

1.01 

mb 

58.7 

58  >6 

1.00 

C3x» 

43o5 

434 

1.00 

AU 

44.2 

44.1 

1.00 

C3yo* 

53,3 

51.6 

1.13 

mb 

43.0 

43.3 

0.99 

C3jTib 

54',  5 

45.8 

1.18 

TJl 

40.5 

40.2 

l.ca 

C4xn* 

50,8 

48.2 

1.05 

nu 

33.2 

33.2 

1.00 

C4*ab 

57,3 

53.8 

1,06 

TUh 

56,0 

62.3 

0.90 

C4*n 

50.3 

43.3 

1,17 

TIKb 

42.7 

42.9 

1,00 

C5*n 

43,8 

44,0 

1.00 

T2M» 

41.0 

41.0 

1.00 

C6xb 

40.8 

41.8 

0.96 

T3Xb 

42.0 

41.7 

1.01 

C7v 

41,2 

41,6 

0.99 

TIE* 

47.7 

47.8 

1.00 

Avenge  Hatio  1^06 

TlITb 

55.7 

51.9 

1.06 

Eengr  0,98  - 1.18 

Tan 

45.6 

45.6 

1.00 

T3E 

43,6 

43,2 

1.00 

T4H 

41,5 

42.0 

0,99 

T53 

40.6 

40,6 

1,00 

Average  Ratio  0.99 

Bang*  0.90  - 

- 1,06 

tAhIs  $s 


C0MPARI30 2i  C?  r.-IEGHBriCAL  VALiSS 

c?  nsu>»?oxgy  jg-ggr 


Beau  with  Tension  Baaas  with  Tanaion  aoi 

Eainferc&iant  Cfclj  Cosipra^sioG  Rainfcrcomat 


Baast 

>L  " 
Exp 

kip-ft 

Thao 

Bata 

K 

m 

Exp 

- kip-ft 
Thao 

&£- 

TILa 

10,2 

9.9 

1.03 

02* 

32.4 

30.9 

1.05 

TILb 

154 

14.8 

1.04 

02xa 

38.0 

34.3 

1.05 

T2La 

20,6 

19.6 

1.05 

03* 

624 

61.3 

1.02 

7Zh b 

26,1 

26.8 

0.97 

C3a* 

66,3 

61,5 

1.08 

T4La 

37,5 

39*2 

0.96 

C3n* 

41.0 

40.9 

l.CC 

T4I* 

47,  t 

49.7 

0.95 

C3m. 

624 

62.1 

1.00 

T5L 

414 

34.8 

il.85 

49.1 

41.3 

8.97 

mi* 

- 

- 

04x?> 

42.8 

U.3 

1.01 

TU* 

15*5 

15.1 

1.03 

04n 

59.3 

60,7 

0.98 

fDto 

30.2 

29.2 

1.03 

05t» 

87.C 

89.7 

0,98 

¥» 

60.5 

59.2 

1.02 

G6a 

84.9 

84.9 

1.00 

T3*b 

56,1 

59.9 

0.37 

07* 

84.0 

84*3 

1.00 

TIB* 

29*8 

30.3 

0.98 

irtraga  Ratio 

1.01 

TIHb 

34.2 

35.7 

0.96 

Raaga  0,97  - 

1.08 

T2E 

51.3 

434 

0.96 

T3H 

65*1 

68.1 

0.96 

141*# 

- 

33.7 

T5H 

81.7 

99.5 

0.82 

Ararat  Ratio 

0.97 

Ban^a  0,82  - 

1.05 

* Ce«pran*io* 

H Exparimatal  rtl«»  not  racordad 


TABLE  9b 


COMPARISON  OF  £aE5RK£STAL  £XJD  'VHaCftSllCAL  mgS 
OF  THE  MASIKtH  jiOHEKT  CAPACm 


Beans  with  Tension 
Reinforccnent  Only 


Beans  with  Tension  and 
Ccapreesion  Reinforcenent- 


Been 

>W 

Exp 

- klp-ft 

Theo  ggB 
Theo 

Bean 

>u 

Exp 

- kip-ft 
p-  Earo 

ineo  Th^o 

11  La 

13.1 

U4 

0,91 

C2u 

40.9 

33,1 

1.07 

TlUb 

19.4 

18.8 

1.03 

C2an 

44.1 

43.1 

1.04 

T2La 

2J.5 

2J.8 

0.99 

C3v 

69.3 

68,6 

1.01 

T2Lb 

29.1 

28.4 

1.02 

C3a 

69.5 

66.5 

1.05 

T4L* 

37.8 

38.2 

0.99 

C37n# 

49.8 

46.3 

1.08 

*T4Lb 

47.0 

47.9 

0.98 

C3ynb 

73.4 

69*4 

1.06 

T5L 

53.1 

51.8 

1.03 

C4ma 

43.2 

45.0 

0,96 

TUL 

66.8 

61.7 

1.08 

C4rab 

48.2 

50.1 

0.96 

TIMa 

18.7 

21.2 

0.88 

C4a 

71,3 

66.1 

1.08 

TIKb 

32.0 

31.0 

1.0;, 

C57* 

90.1 

91.0 

0.99 

T3Ma 

62.1 

61.5 

1.01 

C6xn 

85.8 

86.1 

1.00 

T3Hb 

61.1 

60.7 

1.01 

C?w 

84.5 

86;C 

0.98 

TlRa 

34.3 

3/:  *8 

0.99 

Average  Ratio 

1.03 

TIHb 

39.9 

37.2 

1.07 

Range  0,96  - 

1.08 

T2H 

53.1 

55  o 9 

0.95 

T3H 

67'.  0 

69,7 

0.96 

T4H 

77.2 

80.4 

0a96 

T5H 

85,5 

100*2 

0-85 

Average  Ratio 

0.99 

Range 

0*85  ** 

1.08 

TAB  IS  10a 

COMPARISON  0?  BXFBIUHERTAL  ABB  THEORETICAL  V ALOES 
0?  KIPSPAN  E3FI2CTI05  AT  YIELD  Mil 
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0.30 
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0.30 

0.25 
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T2La 

0.27 

0.25 
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T2Lb 

0.36 

0.34 
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ni* ** 

0.38 
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1.19 

T4U> 

0.46 

0.34 
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T5L 
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Till* 

- 

- 

TIKa 

0.25 
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0.37 
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T3H 

0.48 

0.39 
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T4H* 

- 

0.44 

T5H 

0.55 
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Average  Ratio 
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Average  Ratio  1.29 

Haaga  1.15  - 1*53 
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1.01 
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- 
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2.81 

146 

C37*« 

442 
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Range  0.63  - 1.27 
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Til#  appendix  contains  tba  following  plots  for  aach 

baa*  taatodi 

App*  Fig*  1-33 

(a)  Load  ve*  midepap  daflaotion 

(b)  Load  Vf>,  lead-point  daflaotion 

App*  Fig*  34-66 

(a)  jDeflaetioni  along  baa*  at  various  load 
inoranent# 

App.  fig*  67-99 

(a)  Load  vs  * tanaion  ataal  strain  at  aid# pan 

(b)  Load  to t conorata  atrain  on  top  of  baaa  at 
midspan 

App*  fig,  100  - 132 

(a)  Ratio  of  appllad  load  to  manias*  load 
attainad  in  taat  ti,  mi  da pan  daflaotion 

(b)  Ratio  of  appllad  load  to  maxima  load 
attainad  in  taat  load-point  daflaotion 

App*  ?i|*  133  «•  165 

(a)  Ratio  of  applntd  aoaant  to  aaxlsu*  *o*an£ 

attainad  in  tast  vs*  angla  ohanga  at  .midspan 
of  baa*  y' 

(b)  Ratio  of  appllad  nomant  to  naxirjt.  ;.o.:;nt 
attainad  in  tast  vs.  daflaotion  at  midspan 
with  raapact  to  the  load  points  * 
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ADDITIONS  AMD  CORRECTIONS 


TO  THE  REPORT 

AN  INVESTIGATION  OF  THE  LOAD-DEFORMATION 
CHARACTERISTICS  OF  REINFORCED*%ONCRETB 
BEAMS  UP  TO  THE  POINT  OF  FAILURE 


The  following  additions  and  corrections  are  to  be  made  to  the 
report  An  Investigation  of  the  Load-Deformation  Characteristics  of  Re- 
inforced Concrete  Beams  Up  to  the  Point  of  Failure,  by  J.  R.  Gaston,  C.  P. 
Siess,  and  Sf.  M.  Newmark,  which  was  issued  to  the  Office  of  Naval  Research 
under  Contract  N6ori-071(34)»  Task  Order  34,  Project  NR-064-372  in  December 
1952: 

BEAM  DESIGNATION 

The  significance  of  the  letter  and  numeral  symbols  used  to  desig- 
nate the  various  beam  specimens  was  not  given  in  the  original  report. 

The  letters  and  numerals  serve  to  identify  the  various  beams  in 
the  following  manner: 

For  beams  reinforced  in  tension  only: 

The  letter  T indicates  that  the  beam  was  reinforced  in  tension 
only  in  the  region  of  pure  flexure. 

The  numeral  following  the  letter  T is  the  value  of  the  reinforcing 
pfy 

index  q = in  tenths,  rounded  to  the  nearest  tenth, 

c 

The  letter  L,  M,  or  H appearing  next  designates  the  concrete 
strength;  that  is  low,  medium,  or  high,  where  low  is  from  2000  psi  to 
3000  psi,  medium  is  from  3000  psi  to  4000  psi  and  high  is  from  4000  psi  to 
6000  psi. 
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The  lower  case  letter  a,  b,  or  c following  the  concrete  strength 
designation  identifies  the  individual  beams  when  two  or  more  similar  spec- 
imens were  tested. 


For  beams  reinforced  in  compression  as  well  as  tension: 

The  letter  C indicates  that  the  beam  was  reinforced  in  compression 
as  well  as  tension  in  the  region  of  pure  flexure. 


Pf 


The  numeral  following  the  letter  C is  the  value  of  q = in 

c 

tenths,  as  before. 

The  letter  w,  x,  y,  or  z appearing  next  indicates  the  spacing  of 
the  ties  in  the  region  of  pure  flexure.  The  letter  w refers  to  compression 
reinforcement  without  tiesj  x indicates  that  the  tie  spacing  was  that  speci- 
fied by  ACI  318-51;  y indicates  that  the  tie  spacing  was  one-half  that  speci- 
fied by  ACI  318-51;  and  z indicates  that  the  tie  spacing  was  one-fourth  that 


specified  by  ACI  318-51. 


The  letters  n or  m indicate  the  type  of  tie  vised,  as  shown  in  Fig. 
4 of  the  report. 

The  lower  case  letter  a or  b,  where  it  appears,  indicates  that  two 
similar  specimens  were  tested. 

Examples: 

Beam  TILa  is  reinforced  in  tension  only,  has  a value  of  the  rein- 
forcing index  q equal  to  0.1,  a concrete  strength  between  2000  and  3000  psi, 
and  is  one  of  two  or  more  similar  beams. 

Beam  C3yna  is  reinforced  in  compression  as  well  as  tension,  has  a 
value  of  q equal  to  0.3,  has  a tie  spacing  in  the  region  of  pure  flexure 
one- half  that  specified  by  ACI  318-51,  has  type  n ties,  and  is  one  of  two 


or  more  similar  beams 


ADDITION  TO  TABLE  NO.  2 

svmarx  sl  msm 

FOR  BEAMS  REINFORCED  IN  TENSION  AND  COMPRESSION 
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Beam 

k"  + 

C2w 

0.897 

C2xm 

0.878 

C 3v 

0.857 

C3xm 

0.857 

C3yna 

0.866 

C3ynb 

0.850 

C4xna 

0.884 

C4xnb 

0.856 

C4zn 

0.857 

G5yn 

0.833 

C6xm 

0.833 

C7w 

0.833 

+knd  = distance  between  the  centroids  of  the  tension  and  compression  rein- 
forcement; where  d = distance  from  the  top  of  the  beam  to  the  centroid  of 
the  tension  reinforcement. 


CORRECTION  TO  TABLE  9a 

COMPARISON  OF  EXPERIMENT  AND  THEORETICAL  VALUES 

OF  HELP-POINT  MOMENT 


Beams  with  Tension  and 
Compression  Reinforcement 


Beam  M - kip-ft 
7 


Exp 

Theo 

Exp 

Theo 

G2w 

32.4 

31.1 

1.04 

G2xm 

38.0 

35.4 

1.07 

C3w 

62.4 

60.4 

1.03 

C3xm 

66.3 

61.5 

1.09 

C3yna 

41.0 

40.1 

1.02 

C3xnb 

62.4 

62.0 

1.01 

C4xna 

40.1 

41.4 

0.97 

C4xnb 

42.8 

42.2 

1.01 

C4zn 

59.3 

60.7 

0.98 

C5yn 

87.8 

89.5 

0.98 

C6xm 

84*9 

85.2 

1.00 

C7w 

84.0 

84.7 

0.99 

Average  Ratio 

1.02 

Range 

0.98-1.09 
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OTHER  CORRECTIONS  AND  ADDITIONS 


A value  of  the  modulus  of  elasticity  of  the  reinforcing  steel, 

£ 

E,  of  30  x 10  psi  was  used  throughout  the  report. 

Page  32s 

Equation  (31)  should  reads 


Equation  (32)  Bhould  reads 
k"  + k*-l 


pf  •• 

X 


\ 

Page  38s 


f'  = 
s 


k« 


nf 


Third  line  below  Eq.  (47) 


"For  q'>q^r,  . . 


Fifth  line  below  Eq.  (47) 

" . . .,  that  is,  " 

Second  line  below  Eq.  (48) 

"...  and  fg>fy  " 

TABLE  1.  "SUMMARY  OF  RESULTS  FOR  BEAMS  REINFORCED  IN  TENSION  ONLY" 

The  entry  under  the  column  entitled  "Stirrup*"  should  read  "None" 
for  beam  TIMa  instead  of  "Clamp-on". 


TABLE  2.  "SUMMARY  OF  RESULTS  FOR  BEAMS  REINFORCED  IN  TENSION  AND  COMPRESSION 
The  heading  for  column  9 should  read  " p*-/£n»  instead  of  " p 

TABUS  4.  PROPERTIES  OF  REINFORCING  STEEL 

The  heading  for  column  9 should  read  "Elongation  in  8 in.,  " 


instead  of  "Elongation  in  6 in., 
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Fig,  14  BEAM  AND  TESTING  APPARATUS 

The  following  note  should  be  adde  l,  "The  8"-<!imension  of  all 
bearing  plates  is  parallel  to  the  axis  of  t :ie  beam". 


